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WORK ON THE PANAMA CANAL. | dredging channel on the Pacific, up to the isle of Naos, 
| Was to have a length of 44 miles and a width of 72 feet 
Work on the Panama Canal is entering upon a new | at the bottom, giving 130 feet at the level of the water, 
ase, the principle of which is exciting the attention | and a depth of about 28 feet. 

of scientific men all over the world to the highest de-| After a series of preliminary observations of the 
Leaving aside financial considerations, properly | ground, this line, in order to set the work in operation, 

go called, we believe it of interest to sum up briefly | was divided into five divisions, viz. : 
what bas been done up to the present time, and to} 
define the new formula of execution adopted by the 
gompany upon the unanimous advice of the technical 
gommittee, and with the concurrence of Mr. Eiffel. 
The question is put as follows: The company, en- | 
tened by the experience gained as to the impedi- | 
ments offered by the rocks, as to the time necessary for | 
the constraction of the dead canal that was determined | 
and voted by the international congress of 1879,| The approximate total that would have had to be 
and as to the increase in expense resulting from loans | removed in order to finish the dead canal would there- 
ata higher rate than the congress had counted upon | fore have amounted to about thirteen billion seven 


Cubage (approximate). 
. From Colon to mile 16... 875,000,000 eu. ft. 
mile 16 to mile 26.. 840,000,000 a 

26 31. .1,575,000,000 

31 84.. 945,000,000 

34 44.. 490,000,000 


Div Length 
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Of the 875,000,000 cubic feet of earth to be excavated 
in this division, two-thirds are now removed. It is in 
| this division that the canal meets the Chagres for the 
first time, near Gatun. This river is a formidable tor- 
| rent whose discharge varies from 850 cubie feet, at low 
| water, to 56,000 cubic feet per second. Its waters rise 
| with amazing rapidity, owing to its torrent-like afflu- 
ents, the Rio Gatuneillo, the Trinidad, the Agna Salud, 
| the Rio Frijoles, the Cano Quebrada, the Zigande, the 
Baila Monos, and the Obispo. 
Whatever be the plan of final execution, the Chagres 
must be diverted on the two banks of the canal, the 
|low parts of which will be protected by firmly con 
| structed spoil banks. We shall return to this question 
|of derivation with a few details. Seventeen hundred 
laborers are employed on this division in the work of 
dredging, exeavating, ete. 


| Second Division—Tabernilla, San Pablo, Gorgona, 


iu its estimate, has recognized the necessity of a pro- | hundred and twenty-five million cubic feet. The two | and Matachin Sections.—At the nineteenth mile we enter 
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Fie. 1.—WORK ON THE SAN PABLO SECTION. 


Visional solution of the question, and has decided to 
Sonstruct, with as brief delay as possible, a lock canal. 
Here it is that intervenes Mr. Eiffel, whose personal 
®xperience guarantees the possibility of rapidly con- 
stracting the necessary locks after a few slight modifi- 
fations in the direction line, and through well estab- 
junctions, in the general plan, with the work 
Minder way. 
| When the locks are established, the company will 
have a provisional communication between the two 
. and will find itself in a position to provide for 
exploitation responding to the first total traffic 
by the congress. It will be Mr. Eiffel’s sole 
to study the question of storing the water and 
means of feeding the lock canal thus established. 





first divisions, on the Atlantic slope, are situated in the 
low portions of the valley of the Chagrés. The third 
and fourth divisions are established on the central 
mountain of the Cordilleras. The fifth, on the Pacific 
slope, descends to the sea through the valley of the 
Rio Grande. We shall pass them rapidly in review, as 
an examination of them will show what difficulties 
have been encountered. 

First Division—Colon, Gatun, and Bo Solduado See- 
tions.—The first division begins at the port of Colon, 
in ground formed of corals, clay, sand, and ooze. The 
soft earth of this portion of the canal is sufficiently 
tenuous to form side banks and to support spoil banks 
parallel with the cutting. With the exception of two 


; small knolls from 650 to 980 feet in length, removed 


are important points which we shall hereafter | with excavators, this entire division has been worked 


@ensider, and which we shall follow 
t broad features. 
It is necessary to state precisely that (1) the company 
temporarily renounces the great and broad solu- 
; of a level canal ; (2) that the work already done 
Will all be utilized ; and (3) that the change of front 
eee? *lely in the intervention of important works 
3 &re alone capable of leading to a provisional ex- 
mation, during which, as at Suez, it will be possible 
Sontinue the operation of deepening toa level. This 
) let us see what has been done, and what re- 
to be done in the new programme. 


THE DEAD CANAL, 


Th dead canal, as it was conceived, 


ineluding the | 


up after giving| with the dredger. and the work is still in progress. 


Twelve dredgers of 200, 250, 180, and 60 horse power are 
working upon it. The excavated material is either 
sarried out to sea in boats called hopper barges, or else 
arranged in spoil banks at the sides by means of lon 
chutes. The hills of Mindi, only but recently, formec 
an important obstacle between the Colon and Gatun 
sections, but they are now perforated, and a direct and 
mere «se communication on the 543 miles that 
separate these two points is secured, and the canal is 
open beyond, up to 94g miles. At the twelfth mile 
there is a 5,250,000 cubic feet knoll that will be removed 
by an excavator. Starting from here, the elevation of 
the side banks necessitates the use of centrifagal pumps 
to remove the material. 








the Tabernilla section, situated in a plain 38 feet above 
the level of the water of the canal. At this level, and 
up to altitude + 45, the excavators and the Decauville 
apparatus come into play. The excavators, which our 
contractors have learned to use remarkably well, are, 
as it were, the heavy artillery of this siege war against 
nature. Each is equal to a true army of laborers. 
Arranged methodically in battery, they dig deep into 
the earth by a general flank movement of irresistible 
power. The Decauville apparatus, with its strong and 
excellent trollies, is, in this system, the field artillery. 
Flexible and movable, it foliows the sinuosities of the 
ground, prepares a place for the excavators, and fin- 
ishes up their work. These two means of mechanical 


; action are interdependent, and render each other com- 


plete. It is now known how to utilize them with pre- 
cision, and to get all the work possible out of them. 
It can be easily imagined how indispensable the use of 
such machines is in a climate that greatly reduces 
human strength. In using them, man exercises his 
directing and regulating faculties, and the work is 
effected mechanically under conditions that are eco 
nomical and easy to submit to calculation in advance. 

The excavators employed on this section are mainly 
of the spoon type, due to the American, Osgood. This 
apparatus loads a 140 cubic foot car in two minutes. 
Let us add just here that our excellent French excava- 
tors of the Weyher & Richemond, Le Brun, Pille & 
Dayde, Hermann-Lachapelle, Gabert, and Franco-Bel- 
gian Society types cede in nothing, as to power and 
perfect‘on of work, to the American exeavators. These 
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models are of the bucket type, like marine dredgers, 
and are mach used on the Panama sections, 

Near San Pablo, the direction line of the canal meets 
the railway from Colon to Panama. A revolving bridge 
will be constructed at this point, the height of the 
relief above the water level not being sufficient to allow 
ships to pass. 

The apparatus, as a whole, of the second division, 





includes 19 Osgood, Weyher & Richemond, and Evrard | 


excavators, of which the monthly performance is about 

3,150,000 cubic feet, and 5 dredgers of 180 H. P. of a 

monthly performance of about 1,050,000 cubie feet. 

' oe 

The number of laborers employed every day is 2,200 
Of the 840,000,0.0 eubie feet to be excavated in this 

division, about an eighth is now removed. 
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Fie. 2.—DIRECTION 


LINE 


Third Division—Obispo and Emperador Sections.— 
The confluence of the Obispo and Chagres marks the 
entrance of the third division, at about half a mile 
before the beginning of the division. 

Here begin the great difficulties of the line, to wit, 
the high rocky and schistose cuttings of the Empera 
dor and Culebra, whose height on the axis reaches 325 
feet at the culminating point. The contest against 
nature here becomes gigantic and exciting, in an undu 
lating ground whence emerge hard points of rock. 
The explosives powder, dynamite, lithoclastite, and 
others, come into play This rocky axis, in which 
schistose and argillaceous masses fill genuine gulfs be- 
tween mountains of quartz and granite, has evidently 
been the resistant line which, at periods of geological | 
cataclysms, has prevented the separation of the two 
Americas by the ocean waves. It is this formidable 
barrier that the art of the engineer must now dig into 
or break down. Let us add that the confluence of the 
Obispo and Chagres requires special measures also 
with a view to diverting the water that rises so sud- 
denly and in so great volume. To this intent, a colos 
sal dam has been projected at Gamboa for the storage 
of the water 

The Obispo section extends between miles 28°¢ and 
29, and that of Emperador between 29 and 31%. Six 
excavators, 66 cranes for loading rock, 48 perforators 
for drilling mine holes, and 3,300 laborers are in opera- 
tion here. 

Of the 1,.575,000,000 ecubie feet to be excavated, about 
an eighth has been removed. 

Fourth Division—Culebra Section.—The fourth divi 
sion is already renowned under the name of the great 
cutting of the Panama Canal. The entire world has its 
eyes upon this section—the most important that has 
ever been opened, and that seems to be the lists in 
which modern progress and the forces of nature, to 
which a bold challenge has been offered, are measur 
ing strength, 

What a beautiful spectacle is that of the victory to 
be gained in this short division of 3,500 yards only, but 
where the voleanic eruptions and cataclysms of past 
ages have set up most monstrous obstacles. All that 
the art of the engineer has acquired in our greatest 
works and all that the experience of the contractor 
has conquered in his civilizing task is here brought into | 
play. ‘The digging of the lock canal in this division | 
will be a prodigious undertaking and an honorable one 
for humanity 

The attack of the great cutting has not been without | 
vicissitudes from the beginning. Opened in a dry 
schistoxe rock in horizontal strata that slide over each | 
other in huge masses, it has given rise to catastrophes 
without number. The great cutting defended itself 
well. The excavations made during the day filled up 
at night ; the Decauville railways were elbowed out of | 
place by the earth, almost between the hands of the 


Fie. 3.—VIEW NEAR FOLK’S 


laborers; and the excavators were shifted about. It} 
required genuine strategy to succeed in arranging 
working sections despite the thrust of the earth, and, 
during the rainy season, the influx of water. Finally, 
thanks to the experience of the contractors, and of the 
engineers, at the head of whom must be mentioned Mr. 
Bunan Varilla, the advantage remained with man. 
and the attack, vigorously begun, was continued victo- 
rionsly on this solid dividing line of the waters of the 
Atlantic and Pacific 


cubage of which to be removed on the theory of a dead 


| that in the hypothesis of a dead canal the question 


RIVER, OPPOSITE THE MOUTH OF THE CANAL AT COLON. 





difficult to remove, as regards length and site 
adoption of the lock system is a formal response tg 
difficulties of excavating the great canal, which wou 
have taken an enormous length of time, howeve 
improved be the methods of excavating, and w 
be the experience that has been gained. Ag fop 
construction and setting up of the locks properly 
called, we have the guarantee and experience of hd 
Eiffel ; there is therefore no question about them 
We shall now briefly show in what Mr. Kiffel’s pa. 


Thirty-nine excavators, 36 locomotives, 616 ten cubic 
feet cars, 661 Decauville trollies, and 1,300 laborers are 
|}at work on the sides of the great cutting, the total 


The 


canal would have been 7,245,000,000 cubic feet. About 
| 70,000,000 cubic feet are already removed, and the period 
|of uncertainty in the attacks has terminated, at the 
| cost of energetic, but necessary, efforts. 

Fifth Division—Paraigo, Corozal, and La Boca Sec- 
tions.—In the fifth division we descend the Pacific slope 
by dry work relatively easy of execution. This portion 
offers none of the great obstacles that we have just 
met with. We shall merely mention, on this point, 





= 


of a lock gate at Corozal has been mooted. The mean 





OF THE PANAMA CANAL. 


level of the sea at Colon and Panama is much the same, 
but, by virtue of badly defined natural laws, the tide, | 
which reaches but 2 feet in height at Colon, reaches at 
Panama 614 feet at neap tide, 18 feet at half tide, and 
1914 feet at spring tide, which would produce currents 
in the dead canal. Mr. Bouquet de la Grye, in a report 
to the Academy of Sciences, May 31, 1887, established 
the fact that the result would be a velocity of 24% 
knots of the current, compatible with the exigencies of 
navigation, and concluded on the suppression of the 
tide lock at Panama. However, in the new lock canal 
wé shall perhaps come back to it. 

The fifth division has daily at work 8 excavators, 16 


locomotives, 352 large cars, 892 Decauville trollies, 7 


Fie. 5.—LAS CASCADAS. 


ject consists, and how it introduces itself practically 
into the great work already begun. 


THE PROVISIONAL LOCK CANAL. 


The provisional lock canal, projected with the uname 
mous advice of the chief consulting committee on the 
work, has for its principle the establishment in the 
central mountain mass of an upper reach which will 
permit of continuing the work on the dead canal 
applying the powerful processes of dredging dis 
to the excavating of this part of the canal. 

The direction line of the canal with superelevated 
reaches differs very little from that previously ado 
for the dead canal. All that will be necessary will be 
to make a few shifts of the axis in order to better util- 
ize the excavations already made. As the canal beging 
in the bay of Limon, on the Atlantic slope, it remains 
at the mean level of the sea at Colon as far as to the 
18th mile, where it is proposed to construct the first 
Eiffel lock of 26 feet fall. A second lock of the same 
fall will be constructed at the 22d mile, then sucess 
| sively two locks of 35 feet fall at miles 25 and 27. In 
the giant’s stairway thus formed on the Atlantic slope, 
| there will be, in all, four locks to compensate for the 
|natural slope of the land up to the distributing reach, 
whose water plane is at the altitude + 38. It is very 
evident that we give these levels only as those of the 
| first project. The study of the water feed and acces 
| sory circumstances will possibly modify them hereafter, 
On the Pacific side the canal redescends through 
| three locks of 35 feet fall to be established at miles 34 
| 841¢, and 36, and one lock of 25 feet fall at mile 35. The 
| difference in level of 184 feet existing between altitade 
-+ 38 of the upper reach and altitude — 8 of low water 
}at Panama will thus be compensated for. 

Perhaps, in case of difficulties met with in the course 
of the work, the company, in order to gain time by d 
| minishing the cubage of the excavating to be done, 

may raise the upper reach 35 feet, carrying the planeof 
|its water to the altitude + 49. This arrangement 
| would involve the construction of a fifth lock on eaél 
| slope of the Cordillera at miles 2914¢ and 34. Here is 
precisely one of the advantageous points of the use of 
locks, which permit of dividing up the work and of 
giving it an elasticity that the work on the dead canal 
did not possess. As regards the locks, the construction 
or non-construction of two locks more or two less does 
not constitute an important difficulty, the arrangement 
of these locks being perfectly studied, and all the ele 
ments of their construction and putting in place, lear 
| ing no uncertainty. 





| 
| 
| 


Fie. 4.—LAS CASCADAS. 


dredgers, 13 hopper barges, 2 pump boats, and 1,000 
laborers. The cubage is over 470,000,000, about a third 
of which has been removed. 

Such is the state of the work undertaken on the 
hypothesis of a dead canal. We shall not dwell upon 
the accessory installations, the hospital, sanitorium, | 
offices, etc. They merit special description. 

The data that we have just given regarding the five 
divisions show the plan of attack in general, and what 
has been done and what will have to be done for the | 
final digging of the dead canal. The provisional solu- | 
tion adopted, of a lock canal, with the concurrence of 
Mr. Eiffel, changes the question completely. Instead 
of there being 3,675,000,000 cubic feet still to be re- 


Fia. 6.—USING DRILLS ON A ROCKY 
EMINENCE. 


In each reach the normal profile adopted for the dead 
canal is preserved. The width of the gates will be 58 
feet, and the effective length of the locks 590 feet. At 
the entrance, at Colon, the floor of the cana! will be 
feet wide for 1.050 feet, and at the exit, at Panama, I 
feet wide for 2,100 feet. From Boea, on the Pi 


moved, the adoption of locks leads to 1,400,000,000 only | 
—that is to say, an immediate diminution to 2,275,000.- 
000 cubic feet. In order to open the canal in 1890, this 
hypothesis supposes but 42,000,000 cubic feet to be 
removed per month. Now these figures, according to 
the company’s memoranda of the work done, are pre- 
cisely the present performance of the five divisions. It | slope, to Naos, the canal will be 164 feet wide. 

does not seem very probable that they will diminish,| What characterizes the use of locks in the Panamé 
considering that the attack has been uniform, and that | canal is their number, on the one hand, and theirest 
the parts easily excavated predominate over the parts! lishment at great altitudes, on the other; but these 
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that the necessity of opening the canal at a fixed date in- 
tevened. The fantastic ship railway proposed by the 
late Captain Eads would alone have escaped this practi- 
cal necessity. The dead canal is the only desirable and 
fina) one—the lock canal is an immediate and practical 
solution 

Traversing the Lock Canal.—What will be the system 
of traversing the lock canal by ships? It is agreed that 
avessel noving at a fitting, but moderate, speed will 
make six miles per hour in the large reaches and 1,050 ft. 
inthe short ones. It is admitted, besides, that it will 
take about an hour to pass through a lock. Hence, 
taking account of the time necessary for the entrance 
of ships in the lock chambers, their exit, the filling and 
emptying of the chambers, the maneuvering of the 
gates, etc.. an isolated ship ought to pass from one 
ocean to the other in 17h. 28m., and aship with convoy 
in28h. 25m. The maritime power of the provisional 
canal thus established can therefore be estimated at 10 
ships per 24 hours, say at the rate of 2,000 effective tons 
per ship, 25,000 tons daily, or 9,125,000 tons per annum. 





Fie. 8—WORK ON THE 


{he first traffic estimated by the congress is 7,500,000 
ave’ 





hall not enter here into an economic discussion 
estimate eares. but they are evidently moderate as to 
Point, * 


and, moreover, certain from a technical stand- 
tor sding the Ca nal.—The quantity of water necessary 
00 en: — transit just mentioned is about 1,450,- 
eet per lock chamber, and 2,290,000 per ship, 






t will but slightly influence the probable re- 


thing to state isthat the system of locks 
been combined or devised for the needs 
it exists. Mr. Eiffel can answer for its oper- 
base his expectations upon striking examples 
the history of previous great — 
e — 
Americas, moreover, would have necessi- 


locks of this or some other kind, from the moment 


crossing from one ocean to the other, say a daily con- 
sumption of 22,290,000 cubic feet of water, furnished b 
the Chagres at the rate of 324 cubic feet per second. 
This figure may be carried to 350 cubic feet on includ- 
ing the losses by evaporation and infiltration. 

he supplies of water disposable are the following: 
the waters of the Chagres basin, which has an area of 
about 360,000 acres ; the basin of the Obispo, of an area 
of 36,000 acres; and the basin of the upper Rio Grande, 
of an area of 4,000 acres. 








Fie. 7.—WORK ON CULEBRA SECTION. 


| At the level 38 the reach might be fed by utilizing 
the large dam in the Chagres at Gamboa, and by car- 
rying the level of the river up to the altitude 40. But 
with the reach at the altitude 49, natural feed would 
be no longer assured. It would be necessary, at least 
| during a few months of the year, to elevate water from 
level 40 to level 50 by means of steam engines, whose 
| total power, however, would not exceed that of 8,600 
| horses, a very small affair in comparison with the enor- 
| mous power that we daily see developed by great trans- 
atlantic ships.—Le Genie Civil. 


THE FIRST ATLANTIC STEAMSHIP. 
By HOWARD FULLER, Great-Grandson of Moses 
Rogers. 


THE honor of first navigating the sea with a steamer 
belongs to Colonel Stephens, of New York, and the 











credit is not diminished by the fact that he was forced 
to it by circumstances beyond his control. Having 





TABERNILLA SECTION. 


built the steamboat Phonix, he was prevented from 
navigating the Hudson, because at that time (1808) 
Fulton and Livingston had a monopoly of the river, 
and accordingly the Phenix was sent around by sea 
to the Delaware River. England in those days was 
very active and ambitious in the new enterprise, yet 
it was nine years later before she ventured on sea voy- 
ages. In 1817 the steamer Caledonia first crossed the 





Channel on her way to Holland. 


Transatlantic steam navigation was long discussed be- 
for any one combining sufficient skill and nerve and a 
spirit of adventure made the bold attempt. 

The 7imes of London, England, in the issue of May 
11, 1819, thus announces the expected event : 

‘Great Hacitement.—A new steam vessel of 300 tons 
has*been built in New York for the eapress purpose of 
carrying sengers across the Atlantic. She is to 
come to Liverpool direct.” 

On the very day that this brief notice appeared, the 
vessel referred to was visited by the President of the 
United States, James Monroe being President at that 
time. ‘ 

_ 
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Fre. 9.—LONGITUDINAL PROFILE 
OF THE LOCK CANAL. 


The steamer, named the Savannah, the first that 
crossed any of the oceans, was built at the city of New 
York by Francis Tickett for Daniel Dodd. Her engines 
were made by Stephen Vail, of Morristown, N. J. She 
was launched on 22d of August, 1818. She could carry 
only seventy-five tons of coal and twenty-five cords of 
wood. Commanded by Captain Moses Rogers and 
navigated by Stephen Rogers, both nutives of New 
London, Conn., the Savannah sailed from Savannah, 
Georgia, on the 25th day of May, 1819, bound for St. 
Petersburg, via Liverpool. She reached the latter 
port on January 25, having used steam eighteen days 
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out of twenty-six, and thus demonstrated the feasibility | 
of transatlantic steam navigation. The question nat- 
urally arises, Who was Moses Rogers and what were his 
qualifications for the ventauresome undertaking ? 

Moses Rogers was born in New London, Conn., in 
the year 1779, and from early youth was engaged in 
seafaring enterprises. He was actively interested in 
the earliest experiments which were made on the North 
River in the application of steam to the purposes of 
navigation. 

He commanded the first steamboat on the Hudson 
River; the Fulton, the first steamboat on the Dela- 
ware ; the Phosnix, the first steamboat between Char- 
leston and Savannah; and the first steamship that 
crossed the Atlantic, the Savannah. 

On his return from Europe he was employed on the 
Great Pedee, in South Carolina, and contracting 
malarial fever, died at the early age of 42 years. The 
original log book of the Savannah, containing the 
daily record of her memorable voyage, was presented 
to the Smithsonian Institution at Washington, D. C., 
about four months ago. This valuable relic is made 
up of ninety-six pages of coarse paper of unusual size, 
twelve inches wide and about nineteen long. Only 
fifty-two pages are written on. It is not bound, but the 
large sheets are sewn into an enveloping piece of strong 
canvas, which is rudely hemmed at the upper and 
lower edges. This cover bears the simple inscription, 
“Steamship Savannah's Log Book.” The handwrit- 
ing is that of Stephen Rogers, the sailing master. Every 
word on the closely written pages is legible, the ink 
being still black. Butasmall portion of the entries, 
however, is of any special interest. They are mostly 
remarks on the weather and the results of observations 
of latitude and longitude. The caption of the first | 
page is as follows 

“A Journal of 
Savannah, on board Steamship Savannah. 
Rogers, Master.” 

This is continued on three pages, the caption of the 
fifth being : 

‘* A Harbour Journal on board 8.8. Savannah. Moses 
Rogers, Master.” 

And after a few pages this in turn gives place to: 

“A Journal of a Voyage from Savannah toward 
Liverpool, on board Steamship Savannah. Moses 
Rogers, Master.” 

The caption changes several times, but preserves the 
same formula. The first entry in the log book is the 
following : 

“Sunday, March 28th, 1819. 
with fresh breezes from N. W. At 10 A. M. got under 
way with the crew on board. Ati P. M. the pilot left 
the ship off Sandy Hook light.” 

The second entry is : 

**Remarks on board Monday, March 29th, 1819: 
These 24 hours begin with fresh breezes and clear. At 
4P. M. the Highlands of Neversinck bore N. by W., 6| 
leagues distant from which | take my departure. At | 
10 P. M. took in topgallant sails; at 6 A. M. set topgal- 
lant sails ; at 8 A. M. tacked ship to the westward ; saw 
a brig and schooner steering to the westward; at 11 A. 
M. took in the fore and mizzen topgallant sails: at 11 
A. M. got the steam up and it come on to blow fresh. 
We took the wheels in on deck in 30 minutes ; at meri- 
dian, fresh breezes and cloudy. Lat., by observation, 
39 degrees 19 minutes.” 

These are fair samples of the daily records, extend- 
ing, without much to relieve the monotony, over a 
period of nine months. The statement, ‘** We took the 
wheels in on deck in 30 minutes,” refers to the fact that 
this steamer was so constructed that in case of bad 
weather the paddle wheels could be brought on deck. 
During the next two days the vessel encountered heavy 
gales and strong breezes. On the Saturday following 
the departure we find this entry : 

‘** These 24 hours begin balm and pleasant 
wheels in the middle of the day.” 

The steamer reached Savannah on Tuesday, April 6, 
having used steam four days. It remained there eight 
days and then “got steam up and started for Charles 
ton.” which they reached next day. 

The vessel lay at Charleston, * all hands employed in | 
ship duty,” until April 30, when they returned with 
steam to Savannah, 

A few days later, while the vessel was lying at the 
wharf in Savannah, we find this interesting entry : 

‘** May 3, Joseph, the cook, left the ship "—a cireum- | 
stance of no sinall importance to those depending upon 
his culinary labors ; probably any of the crew could | 
make hash or “lob B momen but not duff, and a sailor} 
who receives no duff is not worth much. ; 

The Savannah remained at the city of that name 
twenty-three days. The entry of May 12 is quite curi- | 
ous. t is as follows : 

‘** Daniel Claypit cut his left thumb off. 
done it up and then bied James Monroe.” 

The recurrence of this name in this connection is 
very singular; probably one of the crew was thus 
named. 

On the 22d of May Captain Rogers “got steam up, 
and at 9 A. M, started” on the transatlantic voyage. 
Nothing of much interest is detailed in the daily re- 
cords of the log book, which are, on the whole, rather 
monotonous. 

On the 2d of June they stopped the wheels to clean 
the clinkers out of the furnace ; at 6 P. M. started the 
wheels again ; at 2 A. M. took in the wheels. In this 
connection | will say that Captain Moses Rogers super- 
intended the construction of the boilers and engines, 
and was chief engineer as well as master of the vessel. 

Land was sighted on June 16, being the coast of 
Ireland, and on the 17th the Savannah was boarded 
by the King’s cutter Kite, Lieut. John Bowie. 

The log book here, as eleswhere, is sternly brief, but 
fortunately we have in Stephen Rogers’ own hand- 
writing a fuller account of the amusing circumstances 
connected with the boarding by the king’s cutter. 
said, in a communication to the New London Gazette: 


| 
| 





a Voyage from New York toward 
Moses 


These 24 hours. begin 
| 


Used the 


The doctor 


“The steamer was seen from the telegraph station at | 


Cape Clear, and reported as aship on fire. The ad- 
miral, who lay in the Cove of Cork, dispatched one of 
the king's cutters to her relief. But great was their 
wonder at their inability, with all sail in a fast vessel, 
to come up with aship under bare poles. After several 
shots were fired from the cutter the engine of the Sav- 
annah was stopped, and the surprise of the crew of the 
cutter at the mistake they had made, as well as their 
curiosity to see the singular Yankee craft, can well be 
jmagined. They asked permission to go aboard, and 


He | 


were much gratified by their inspection of this naval 
novelty.” 


Two days later (June 20) they shipped the wheels| nah, her owners were compelled to sell her. 
and furled the sails and run into the river Mersey, and| was purchased to run as a packet between that 


at 6 P. M. came to anchor off Liverpool. 

The simple words in the log recording the successful 
termination of a daring adventure is hardly worth 
writing. There is not a word of boasting, of congratu- 
lation, nor even of thankfulness recorded. Fortunately, 
Moses Rogers has left offspring who are proud of him 


| 


: a, 
The pnt. ae history of the Savannah can be 

in a few words: On account of a great fire in Sean 
ANd the 
and New York, whither she was bound in eh City 
Captain Nathaniel Holdredge, and she was lost on : 
south side of Long Island. th 

The sailing master, Stephen Rogers, was no : 

to the captain, notwithstanding the similarity of 
though their descendants have become related sing, 


and are not in the least backward in giving that praise | through marriage. 


which is his due without a doubt. 

Then, again, in the account of Stephen 
already alluded to, he says : 

“On approaching Liverpool, hundreds of people in 
boats came off to see her. She was compelled to lay 
outside the bar till the tide should rise sufficient for 
her to cross. During this time she had her colors all 
flying, when a boat from a British sloop of war came 
alongside and hailed the sailing master, Stephen 
Rogers, who was on deck at the time, and answered. 
The officer of the boat asked him, ‘* Where is your 
master ?” to which Stephen gave the laconic reply, *‘ 
have no master.” ‘**Where’s your captain, then?” 
asked J. B. ‘‘He’s below; do you wish to see him?” 
asked Stephen. “I do, sir.” Stephen called up the 


| **Old Man,” who asked the officer what he wanted, to 
which the officer answered : - ‘* Why do you wear that | 


pennant, sir?” “‘ Because my country allows me to.” “‘My 
commander thinks it was done to insult him, and if you 
do not take it down, he will send a force that wi// do 
it.” Captain Rogers then gave the order: *‘Get the 
hot water pumps ready!” although there was no such 
pump aboard, and from what I know of steam engineer- 
ing I doubt very much whether hot water pumps were 
used anyhow at that time. Nevertheless, the order 


had the desired effect on J. B., who was glad to paddle | 


off as fast as possible, to avoid the expected scalding. 


On approaching the city, the shipping, piers, and | 


roofs of houses were thronged with persons cheering 
the adventurous craft. Several naval officers, noble- 
men, and merchants from London came down to visit 
her, and were very curious to aseertain her speed, 
destination, and other particulars. 


During the stay of the Savannah at Liverpool, the | 


British publie regarded her with suspicion, and the 
newspapers of the day suggested the idea that ‘‘this 
steam operation may in some manner be connected 
with the ambitious views of the United States.” One 


| journal, recalling the fact that Jerome Bonaparte had 


offered a large reward to any one who would succeed 
in rescuing his brother Napoleon from St. 


view. 

The steamer remained at Liverpool twenty-five days. 
Meanwhile the following tragic event is recorded in the 
log : 

“July 19,1819. These 24 hours begin with fresh 
breezes and rain. Captain Rogers told Mr. Blackman 
(the mate) to go ashore after James Bruce and John 
Smith and get them aboard. They would not come. 
The watchman put them in the boat, and John Smith 
tried to knock Mr. Blackman overboard; struck him 
several times and swore he would take Mr. Blackman’s 
life; but Mr. Blackman got him aboard and he refused 
duty, and was then put in irons. 

part, fresh gales at S. W. and rain.” 

The peculiar way in which this tragedy is ushered in 
by breezes and rain, and concluded with gales at S. W. 
and rain, is somewhat amusing. 
“John Smith still in irons;” but the next day after 
this we read,** At 5 A. M. took the irons off John Smith 
and he went to duty.” Stephen was bound to leave 
us in no doubt as to the termination of this effort to 
compel an obstreperous man to perform his duties. 

The Savannah sailed for St. Petersburg on July 23, 
getting under way with steam, and a large fleet of 
vessels in company. Captain Rogers touched en rovte 


at Copenhagen, where his vessel excited great curios- | 


ity, and also at Stockholm, where she was visited 
by the royal family, or, in the homely language 


| of the log book, ‘‘ Oscar, Prince of Sweden and Nor- 


way, came on board.” Here is another entry which is 
worth while studying: 
‘Mr. Huse (Christopher Hughes), the American 


Minerster and Ladye, and all Furran Minersters and 


| their Ladyes at Stockholm come on board,” and at Mr. 


Hughes’ invitation made excursion the 
neighboring islands. 

On the 5th of September the steamer left Stockholm, 
with Lord Lynedock, of England, who was then on a 
tour through the north of Europe, as a distinguished 
passenger. 

On the 9th she reached Cronstadt, having used 
|steam the whole passage, and a few days later she ar- 
rived at St. Petersburg. Here she was visited, by the 
jinvitation of our ambassador at that court, by the 
Russian High Admiral, Mareus de Travys, and other 
distinguished military and naval officers, who also 
| tested her superior qualities by a trip to Cronstadt. 
| The daughter of eon Rogers (who stil! lives, a hale, 
hearty old lady of eighty-four years) has a silver tea- 
pot, a guitar, and a gold snuffbox, which were presented 
| to Moses Rogers as follows: the teapot by Lord Lyne- 
| dock ; the snuffbox by the King of Sweden ; and the 
| guitar by the Czar of Russia. 

The Savannah lingered at St. Petersburg until Octo- 
ber 18, and then set sail on her homeward voyage “ in 
company with 80 sail of shipping.” She arrived at 
| Savannah Tuesday, November 30. Shortly after, the 
| steamer was taken to the navy yard at Washington, 
The object of this visit to the national capital was 
‘to fix her name and exploits in the minds of promi- 
}nent men from all parts of the United States, in order 
to lay a foundation for the defense and maintenance of 
our claim to that distinction which her craft and her 
daring commander had unitedly wrought out for our 
nation upon the mighty deep.” 

There is one more amusing entry in the log book 
which I had nearly forgotten. It is as follows : 

“Dee. 16,1819. Frank Smith dammed and swore at 
the captain. We put Smith in irons.” 

It appears by the log that the Smith family gave 
considerable trouble. 

The last entry in the log book is: 

*“Remarks on board, Friday, December 17, 1819. 
These 24 hours begin with light breezes and clouds; 
sundry jobs on hand.” 

This abrupt termination of the log book is unaccount- 
able. 


an among 





Helena, | 
|} surmised that the Savannah had this undertaking in 


' 


Rogers, |a doubt that t 


| 





Middle and latter | 


f any one of your readers wishes-to establis 
. Savannah was or was not thea 
Ailantie steamship, they can find the log book at Wash 
ington, as before stated. The dates are there. whieh j 
proof enough ; or let them get the Hnyclopedia Briten 
nica, and under the head of *‘Steamships ” they il 
find a short article in regard to the Savannah. _ 
America deserves the credit, notwithstanding that 
the honor has been often accorded to England. Man 
articles on steam navigation have been written whieh 
ignore the claims of the Savannah and her enterprising 
captain. In fact, when the steamers Sirius and Greg 
Western arrived in New York harbor, April 23 1838 
twenty years after the exploit of the Savannah. they 
were received with extravagant manifestations of de 
light, it being universally considered as the beginning 
of a new era in the history of Atlantic navigation, 
The achievement of the Savannah was forgotten 
her skillful captain no longer lived to claim his rights 
but patriotic citizens protested in the public prs 
against losing sight of the just claims of America 
Amer. Steam Engineer. 


DYNAMITE SHELLS FIRED FROM 
ORDINARY GUNS. 


THE discoveries of Lieut. James W. Graydon, late of 
the United States navy, have proved beyond a donbt 
and by severe and satisfactory tests, the adaptability of 
high explosives to the practical uses of war, and that 
dynamite and its kindred substances may be utilize 
with phenomenal effectiveness, even in the firing of 
ordnance as at present constructed. 

Lieutenant Graydon’s invention consists in_ firing 
dynamite shells from modern guns or cannon, with the 
full service charge of powder and with no danger fro 
heat or shock, at the same time securing the entin 
range desired and the complete penetration of the 
target by the shell before the dynamite is exploded, the 
penetration being absolutely necessary in order to ob- 
tain the full destructive power of the explosive. 

It has been shown by different experiments, both in 
the United States and abroad, that the projectile mus 
effect a penetration before explosion, to insure its per 
fect work, and herein consists one of the chief and 
distinguishing merits of this invention. 

The havoe and wrecking power of Lieutenant Gray- 
don’s projectile are of course intensified by the velocity 
with which it travels, and the tamping or solidifying 
thus imparted to the explosive, augmenting its fore 
whether in the penetration of armor or other obstrue 
tion. 

Three demonstrations of the invention have bee 
made by order of Lieutenant-General Sheridan, com 
mauding the army of the United States. Two of the 


| three were conducted under the immediate direction 


Next day we read, | 


jand August 





or supervision of Major-Gen. O. O. Howard, at the Pre 
sidic of San Francisco. The first was made August] 
1886, with a 2°9 ineh field piece before a board of army 
officers appointed by the War Department, the results 
of which were so successful that orders were forthwith 
issued for a second series of experiments before a nev 
board of artillery officers at San Francisco, August 
13, 1886. These exepriments were with 
heavy siege cannon of 414 inch diameter, from whieh 
fifty-two (52) shells loaded with dynamite were fired. 
The detail of officers for this board consisted of Capt 
John W. Dillenback, First Lieut. Henry L. Harris, an 
First Lieut. Adam Slaker, all of the 1st Artillery, and 
the experiments were made at Fort Winfield Scott. 
The board in its report refers to Lieutenant Gry 
don’s invention as being ‘“‘a process of so charging 4 
shell with dynamite that it can safely be fired froma 
gun in service, with the service charge of powder for 
that gun, and without impairing in any degree the effi 
ciency of the charge in the shell when it reaches the 
point where its work is desired.” 2 
The opinion expressed was that Lieutenant Gry 
don’s claim was fully demonstrated, and that the two 


| principal causes of apprehensions of danger—" 


and shock "—had been completely guarded against. 
The board also recommended unanimously that for 
ther experiments be made with the 8 inch rifle (con: 
verted), the 15 inch smooth bore, and with mortars: 
accordance with which recommendations the War 
—— ordered the next demonstrations to be 
fore the permanent ordnance board at Sandy Hook. 
N. J., composed of A. Mordecai, Lieutenant-Col 
Ordnance, J. P. Farley, Major of Ordnance, and 
E. Greer, Captain of Ordnance. . 
The gun used on this occasion was a 7 inch - 
wrought iron, muzzle loading rifle, weighing 3. 
pounds, and the weight of the charge of powder ~ 
twenty-three (23) pounds. The projectile was of st 
open at the rear and closed by a bronze plug, the sa 
general form as used in the service ; its wel 
one hundred and twenty-two (122) pounds, 
charge ——— exploded being two and two 
(2g) pounds. : 
i w effect of the three shots is noted upon the acco 
panying diagrams. . 
The first shell struck the target twenty-four (24) 4 
above the horizontal joint and thirty-three (8) it A 
to the left of the embrasure; and although ! ~ 
a glancing shot, and not a “‘point-on” shot, as 
sired to test the penetration, it made an ? bb 
three inches deep, exploding with great violence. 
the language of the report made by the 0 
rd: , 
“The roof (of the turret) was lifted off, brea 
seven bolts each one and three-fourths (134) ine 
diameter used to assemble the same, and five bolt bot 
and three fourths (3°{) inches in diameter a ersch 
the front and rear plates together. It also made! 
—— Ss the front plate and about eight? 
inches long in the rear plate.” 
The wreckage was very marked, in fact almost ee 
lete, the roof allud to above, which enter 
900 pounds, being torn off and blown t 
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Fmt wthe rear by actual measurement. See Figs. 
daod seven-inch plates of the turret proper were 
The aparta distance of five (5) inches, breaking off 
soit heads which secured the plates together. See 
ait of the second shot as stated in the report 
Ce eet struck in a mark, one inch deep, that had 
een made by an ewpty cast iron shell, deepening the 


Fie. 1.—APPBARANCE OF TURRET BEFORE FIRING. 
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seven inches. Numerous bolts were also broken and 
displaced and the rear plate cracked from the embra- 
sure to the bottom of the turret. See Fig. 3. 

The first day’s demonstrations were discontinued 
after the second shot, the turret being badly 
wrecked. 

The demonstrations were continued on December 2, 
1887, and at Lieutenant Graydon’s request the first 
shot of the series was directed at the turret. 








~ 


The third shot struck the target twelve (12) inches 
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Fig. 2.—APPEARANCE OF TURRET AFTER THIRD SHOT—FRONT VIEW 
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Fie. 3—APPEARANCE OF TURRET 


i : 
ee to three and one-eighth (34) inches, sixteen 
made b — the first shot. It continued the crack 
downw., e first shot. upward to the top bolt holes and 
‘ard to the horizontal joint, the length of this 
shhncing af five (5) feet two (2) inches. This was also a 
The w ot, the same as the first.” 

than ther nage produced by this shot was even greater 
the of the first. the two seven-ineh plates forming 
hot, bei Proper, which were torn apart by the first 
being torn still further apart to the extent of 








AFTER THIRD SHOT—REAR VIEW. 


below the horizontal joint and three (3) feet four (4) 
inches to the left of the embrasure. It penetrated the 
first plate seven inches and the second plate one inch. 
The front plate was broken, a piece two (2) feet eleven 
(11) inches by three (3) feet three (3) inches being 
thrown 18 feet to the left of the target. The cracks in 
the rear plate were opened, five new cracks made 
about nine inches long and the plate opposite the point 
struck bulged out to the rear three inches. Fig. 3. 
The shot completely destroyed the left side of the 


target. the penetration of the front plate being effect- 
ed before the explosion of the dynamite, and its 
wrecking energies being entirely exerted on the turret. 
The weight of the piece blown out was variously esti- 
mated at from one and a half totwo tons. The two 
main seven-inch plates composing the turret were also 
o further separated and numbers of bolts were blown 
off. 
At this point it was deemed useless to fire any more 
at the wrecked turret, the section of the target fired at 
having been virtually destroyed by three of Lieutenant 
| Graydon’s steel shells, manipulated in accordance with 
his patents. The official report says : 

‘Shells charged with dynamite by Lieutenant Gray- 

|don were successfully fired from the gun and serious 
damage was inflicted on the turret, this being especially 
the case in the third round, when penetration and dis- 
ruptive effect were combined.” 

The two main points of merit claimed for the inven- 
tion were thus substantiated : 

(1) To fire a dynamite shell from a heavy rifled can- 
non with the full service charge of black powder as 
the propelling force without injury to the cannon. 

(Il) To obtain full penetration by the shell before 
the dynamite was exploded in the target. 

The power of the dynamite was conspicuously shown 
by the immense energy required to tear the roof, weigh- 
ing 30,900 pounds, from its bolts and throw it to the 
rear, as also by the great wreckage of the remaining 
part of the turret. 

Four other shells were fired on this occasion at dif- 
ferent ranges, one reaching the full range of the can- 
non, estimated at four and a half (444) miles, out to 
sea, 

As a further illustration of the force of the explosive 

as prepared under Lieutenant Graydon’s direction, it 
may be stated that its concussive effect alone, when 
used for field artillery, would be disastrous to human 
life within a considerable radius. At the same time, 
lalthough it is generally supposed that the explosive 
compounds in the manufacture of which nitro-glyce- 
rine is used as a base or component part are dangerous 
or difficult to transport, such is not the case. Dyna- 
mite as manipulated and used under Lieutenant Gray- 
don’s patents is much less dangerous to handle than 
gunpowder. 

It also possesses the peculiar advantage that it may 
be placed in water in the hold of a man of war, entirely 
out of reach of an enemy’s shot, and remain there! 
without deterioration for years or until it is ready for 
charging the projectiles. 


THE PNEUMATIC DYNAMITE GUN. 


THIs new American weapon is now attracting much 
attention in England. A lecture was lately delivered at 
the Royal United Service Institution on the subject, 
| by Captain H. De H. Haig, R.E. The chair was occu- 
pied by Major-General J. Bevan Edwards, C.B., Com- 
mandant of the S.M.E.,Chatham. The following is an 
abstract: The idea of propelling shells by means of 
compressed air was first worked out by Mr. Mefford, of 
Ohio, who constructed a gun, and submitted it for 
trial at Fort Lafayettein18#4. The task of experiment- 
ing with this weapon was intrusted to Lieutenant 
| Zalinski, of the 5th Artillery, who improved and per- 
| feeted it and the projectiles in all their detaiis. his 

officer showed me the guns and results of his trials and 
experiments, and also gave me permission to make use 
of the information. The latest development is a 15 in. 
gun, now being constructed, which will throw shells 
containing 600 lb. of blasting gelatine, equal to 900 lb. 
of gun cotton, at the rate of one per minute, with great 
accuracy, toa distance of two wiles. The shells will 
act in either of two ways: they will explode on impact 
with any hard substance, or if they fall into the 
|sea they will fire after sinking 30 or 40 feet below the 
| surface, acting as torpedoes against the most vulner- 
| able part of a ship. The gun which Mr. Mefford built 
|and submitted for trial consisted of a brass tube, 28 
| feet long, only ¥ inch thick, and with a bore of 2 in. 
| It was stiffened bya light trussed girder to keep it 
straight, and was pivoted at its center on a tripod, 
about which it could move freely in any direction. 
| There was a small reservoir for compressed air, which 
was simply joined to the breech of the gun by India- 
rubber hose. The firing valve was an ordinary stop 
cock turned by hand, and allowing a quantity of air 
to escape, according to the judgment of the firer. The 
projectiles were made of brass tubing, with heavy coni- 
| eal eads and wooden bases, which fitted closely to the 
| bore to act as gas checks. The shells were driven by a 
pressure of 500 lb. on the square inch, and a range of 
2,100 yards was obtained with an elevation of about 30 
degrees—a somewhat surprising result for such erude 
appliances. Only a few shots could be fired at a time, 
because as there was only one reservoir, the pressure 
fell rapidly and more air had to be pumped in. 

The following conclusions were drawn from the re- 
sults of the trials with this gun, viz.: ist. That to ob- 
| tain accuracy of range, the air valve should automati- 
cally allow the passage of a uniform quantity of air at 
a fixed pressure. 2d. The pressure should be much 
| vreater than 500 lb. 3d. That a steadier and stronger 
form of carriage was necessary. With a view to correct- 
ing these faults an experimental gun of 4 in. bore was 
designed and built. It was 40 ft. long, of seamless brass 
tubing in three lengtbs, and ,, in. thick throughout. 
It was like the original gun, smooth bore, stiffened by a 
T girder, and mounted on a pivot under its center of 
gravity. The firing valve allowed a uniform volume of 
air to pass each time it was opened, and it was found 
that thus great uniformity of range was obtained. The 
pressure in the bore was raised to 1,000 lb.,a very 
trifling amount in comparison to that obtained wit 
powder, and necessitating very high angles of: eleva- 
| tion, 

Having obtained accuracy and considerable range, 

| the next problem was to test to what extent high ex- 
plosives could be fired with safety in the shells from 

this gun. At first, small quantities of explosive were 

used, and some air space was left behind the projectile 

to act as a cushion and reduce the suddenness of the 

shock. Most of the known explosives have been fired 

in the shells without accident, but the best results, so 

far as necessarily rather limited experiments in this 

| direction show, have been obtained with dynamite and 
blasting gelatine. The air space was found to be uan- 

necessary, and the projectiles are now placed close up 
to the firing valve. Unfortunately, no experiments have 
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been tried with greater pressures than 1,000 lb., the re- 
sults obtained being considered sufficiently es 
y 


and the supply of money and guns being necessari 
limited. While experimenting to ascertain the best 
means of exploding his shells, Lieutenant Zalinski 
made the discovery that very much greater results were 
obtained when the charge was exploded from the rear 
than when the initial point of ignition was in front. 
This is explained by considering that the charge takes 
a short interval of time to explode, and when the initial 
_— is in front, the remainder of the explosive is 
»lown backward by the gases first developed, and vice 
versa. This was shown very conclusively by one series 
of experiments. 

A target composed of six iron plates, each 0°8 of an 


inch in thickness, making a total of 4°8 in., was erected | 
inside Fort Lafayette, and shells were fired at it from | 
the air gun ata distance of 60 yards, with an initial | 
The first shell was | 


velocity of about 800 ft. per second. 
filled with sand, and weighed altogether 30 lb. It pene- 
trated three plates, or 2°4 in. Then a shell charged 
with 20 lb. of dynamite, but without a fuse, was fired, 
the intention being that it should explode by the force 
of the impact. Only one plate was penetrated, and the 
effect was considerably less than the blank shell. An- 
other shell with a fuse at the point did little more dam- 
age ; but the last one, with an electric fuse at the base, 
broke through the whole of the target, and cracked 
and pulverized the wall behind. 

The next difficulty was a satisfactory fuse, which 
would explode the shell whether it struck a ship or fell 
into the sea. The requirements were ; Ist. ——— 
ity gf a permature explosion in the bore of the gun. 
2d. Certainty of exploding the charge from the base of 
the shell on striking any hard substance. 3d. Certainty 
of exploding the charge if the shell fell into the sea. 
After a long series of experiments, Zalinski solved the 
problem by calling in the aid of electricity. The results 
obtained with the 4 in. gun encouraged the designers to 
build one of double the caliber, to throw 100 Ib. of 
dynamite, and to have a range of about 2 miles. This 
gun was finished, and mounted at Fort Lafayette in 
the summer of 1885. It is 60 ft. long and consists of four 
lengths of wrought iron tubing, and lined with a drawn 
brass tube, which are respectively °g and \% in. in 
thickness, making a total of only % in. of metal. The 
gun is elevated by forcing the stiffening girder upward 
from the traversing platform, causing the gun to 
revolve about its trunnions. A cylinder worked by 
compressed air performs this operation on turning a 
wheel near the breech. Another cylinder worked by the 
same power traverses, by hauling on a wire rope, lead- 
ing through a system of blocks attached to rings, to 
right and left ofthe gun. The lever working the firing 
valve is brought to the left side, where are also the 
sights. Placed on the breech, conveniently for the 
firer, is a gauge showing the pressure of air in the 
reservoirs. A brass scale is also attached to the gun, 
giving the elevations required for all ranges, with all 
the air pressures that are likely to occur. 

After the gun is loaded, the operations of sighting, 
elevating, traversing, and firing are performed by one 
man. He estimates the distance of the object, reads 
the air pressure in the reservoir, takes the necessary 
elevation, adjusts his sights, lays the gun by bringing 
the compressed air to his aid, and fires by pressing the 
lever. The air reservoirs consist of eight wrought iron 
tubes on the traversing platform, with a total ca- 
pacity of about 137 cu. ft. They are connected with 
the air valve on the gun by one of the hollow uprights 
on which the trunnions rest. In the new guns, the 
pressure of the air in the reservoirs will be kept auto- 
matically at 1,000 Ib., 
reservoir, in which the pressure is kept at 2,000 lb. or 
thereabout, by a pumping engine. he whole of the 
yarts which are continuously under pressure will be 
yeneath the gun in bomb proof cover. The 8 in. gun 
throws a shell containing 100 lb. of explosive to a dis- 
tance of 3,000 yards, with an elevation of 33°, and a 
a of 1,000 lb. The projectile is made of drawn 
»rass or mild steel, with a solid head, to get the center 
of gravity well forward. 

As the pressure in the bore is so small, it was a de- 


sideratum to get the shell as light as possible, and so} 
This could be done with | 


the walls are made very thin. 
safety, for unlike an ordinary gun, there is no rifling to 
necessitate strength and stiffness, and the friction in 
the bore being very small, there is little to strain the 
walls of the shell. The shell from the pneumatie gun 
has two fields of action: Ist. Against the armored hull 
above water. 2d. Against the immersed part of the 
hull. Lieutenant Zalinski, using Captain Lauer’s for- 
mule, calculates that when blasting gelatine is used, 
100 lb. will break through 6°6in. of wrought iron ; 200 
Ib., 9°3 in. ; 400 Ib., 18°2 in. ; 700 1b., 17°4 in. ; 1,000 Ib., 
20°'4 in. Judging from his experiments, he concludes 
that the results will not be confined to a small area, as 
with an ordinary projectile, but a very considerable 
space will be broken in about the point of impact, and 
a vibratory shock will be transmitted which will find 
out any weak points in the vicinity. This ;has been 
borne out by experiments with comparatively small 
charges, so far as they have gone. However, the 
primary object of the gun is to throw what is practi- 
cally a torpedo, and its chief field of action is the hull 
under water, and it is chiefly with torpedoes that it 
must be compared. 

In submarine minipg, a charge of 100 lb. of gun cot- 
ton, when fired in contact with the side of a vessel, or 
within 10 ft. of it, has been found by experiment to be 
sufficient to disable her, and the charge of the White- 
head now, I believe, is about this amount. The 15 in. 


guns now being made will throw 600 lb. of blasting | 


gelatine, or equivalent to 900 lb. of gun cotton. It has 
been found from our own experiments that 500 Ib. of 
gun cotton will disable an ironclad at 30 ft. horizontal 
distance, up to 60 ft. depth. This charge of blasting 
gelatine then should have a disabling effect at a dis- 
tance of about 50 ft. from aship. As regards accuracy 
of fire, the pneumatic gun is very satisfactory. When 
practicing before a United States naval board in June, 
1886, five shells were fired at a range of 1,618 yards, and 
with an elevation of 10° 40’, a pressure of 1, Ib., and 
the cut-off valve set so as to produce 50 lb. loss. Four 
of these shells attained the exact range, and the other 
one went 7 yards over. The maximum lateral de- 
viation was 6°2 yards, and the time taken in firing 
these five shots was 9 minutes and 40 seconds. The 
wird was light and variable, but no allowance was 
made for it. The result of these experiments was that 


by means of a valve to another | 





t 
|the United States government ordered three pneu- 
matic guns, and a cruiser to carry them, the details of 
| which are given further on. The Italian government 
also ordered one of these guns. When mounted on 
shore, these guns might be in sunken emplacements, 
and being fired at such high angles, they need only be 
visible when firing, and all the air compressors, storage 
reservoirs, and engines for a group of guns, could be 
easily protected in underground bomb proofs. The gun 
coul mounted in torpedo boats, and used in place 
of the present Whiteheads. The boat could then re- 
main much farther away from the ship attacked, and 
would not run such terrible dangers as the present tor- 
pedo boats are exposed to from guick-firing guns, when 
advancing to get within range. Thus a boat advanc- 
ing to 35C yards to discharge a Whitehead would only 
have one twenty-fifth of the chance of escape of a boat 
firing an aerial torpedo from a pneumatic gun, from a 
distance of one mile. 

The cruiser which is now being built for the United 
States government by Messrs. Cramp & Sons, of New 
York, is to carry three of these guns, two of 104¢ in. 
and one of 124g in. The 104g in. shell will contain 200 
lb. of explosive gelatine, equal to 320 Ib. of dry gun cot- 
ton, and the 124¢ in. 400 lb., or equal to 652 Ib. of the 
same explosive. The guns will fire fore and aft, and 
will be directed by steering the vessel, the contract 
| speed for which is 20 knots an hour. The length of 
the vessel is 230 ft., beam 26 ft.,and draught 7 ft. 6 in.; 
ishe will have twin screws, and steam steering gear. 
| She is designed so that the helmsman can control both 
|the engines and the rudder, and fire the guns. The 
| contract price for the ship is $350,000, or about £74,000. 
When mounted on board ship, this gun would be very 
j}useful to clear a channel through systems of sub- 
marine mines, by using the shells as countermines. If 
the ship were anchored within range, shells might be 
dropped in the channel at constantly increasing ranges, 
| and thus —- or explode all the defender’s mines 
| along a certain line. On board ship there would be no 
| dificulty in working an air-compressing engine froiu 
| the boiler, but on-shore, if there were no facilities for 
|getting up steam, air could be compressed by small 
| explosions of gas or even powder. When we remember 
| that the result swhich have been obtained were with 
| the 8 in. gun, and that this year a gun will be in exist- 
}ence which will throw six times the quantity of explo- 
| sive, it is impossible to resist the conclusion that we 
| have here a most formidable weapon, which will have a 
serious influence on the result of the next naval war. 
It is to be hoped that our government will find means 
to procure some of these guns, and that we shall soon 
hear of experiments being carried out with them in 
England. 








RIGG’S HIGH-SPEED REVOLVING STEAM 
ENGINE. 
THIs new description of steam engine is intended to 
| be a combination of the most recent improvements di- 
| rected toward accurate driving and the utmost economy 
jin fuel. It is the outcome of the inventor's experience 
| gained, since 1872, with engines of the usual reciprocat- 
ing type running at high speeds, and its arrangements 
have been perfected after a critical examination of the 
most successful modern engines in England and 
|} America made during the autumn of 1884, after the 
visit of the British Association to Montreal. 

This invention initiates a system of construction free 
altogether from reciprocations, which are inseparable 
from all other engines having pistons and cylinders. It 
also provides the means of running without any irreg- 

|ular dynamical strains. In slow-moving engines the 
power absorbed for accelerating their reciprocating 
parts is considered to bear but a small proportion to 
the total amount, so that early rates of expansion can 
be used with a low average pressure ; but this is not 
the case with quick running engines, where the power 
required for acceleration may reach 20 per cent. or more 
of the total work done, unless a high average pressure 
be maintained. It is mainly from this cause that high 
speed engines, as at present constructed, do not employ 
an early cut-off, nor produce those economical results 
which are commonly found with larger engines of equal 
power. The assumption that power taken up during 
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rocation of the piston formed an essential feat; 
their design. 

| This conclusion revealed new difficulties, 
| finally to the invention of the revolving en 
; form, which, while removing all the evils 
tion, possesses none of those objections 
; caused the practical failure of other at 
same direction. The illustration and 
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DIAGRAM SECTION OF RIGG'’S REVOLVING 
ENGINE. 


that this engine consists of four cylinders, all revolving 
freely and independently upon a common central stud. 
Their pistons are all connected to corresponding crank 
pins, equidistant apart on the face of a wheel, which 
also turns freely round, and no other connection exists 
as between cylinders and pistons except that already 
mentioned. The centers of cylinders and _ wheek 
are parallel to each other, but yet at a certain distance 
apart, and thus while both revolve together, the 
pistons, which are carried by the wheel, are seen 
to reciprocate in relation to the cylinders, although both 
are partaking of a simple independent revolution. This 
relative movement answers exactly the same pu as 
the reciprocation of an ordinary piston, only that, as 
the cylinders are truly balanced among themselves, 

the pistons are balanced each to each, a perfect balance 
is maintained throughout the revolutions. The cylin 
ders are weighed against each other during construc 
tion, and so also are the pistons, therefore the machin- 
ery runs in true equilibrium with a dynamic balance 
that is practically perfect, and there are no reciproce 
tions, and, as a proof of the correctness of these dedue- 
tions, these engines have been driven over 2,000 revolu- 
tions per minute without any vibration, producing only 
aloud hum by so high a velocity. hey run quite 





* The influences of reciprocation, and the limits beyond which high 
speed engines should not driven, are fully discussed in Mr. 
* Practical Treatise on the Steam Engine,”’ 1878, and in his paper @ 
“ Obscure Influences of Reciprocation in High Speed Engines,” pw 
in the “* Transactions ” of the Society of Engineers for 1886. See Ti 
Pngineer of 4th June, 1886. 





HIGH-SPEED REVOLVING STEAM ENGINE. 
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aijustwent are practically silent. 
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and as there are four cylinders, no dead centers 


Long ad the engine will start itself perfectly well from | principles, differing from steam engines in the valve | don Graphic. 
tion it may have come to rest. It follows | setting, which insures a full supply of water up to the| 

is a tangential driving effect of great uni-| termination of every stroke, and in the mode of govern- 
ino maximum with recurrent absolute zero, ; ing. 


a ‘ 
whatever p< sl 
that there 


nity, an - - : : : 
pe happens with single cylinder engines of ordin- 


ary types. Even under so sensitive a test as driving a 
dynamo, it is found that incandescent light can be 
obtained of an absolute steadiness without any fly 

beyond the engine itself, and there is no other 


heel : 
motor that can compare with these results except a 


turbine. . ; ‘ , 
Such angular changes in velocity as do occur in this 
engine balance each other exactly, because power ab- 
sorbed in accelerating one cylinder while moving from 
3 to 1 is being restored at the same time by the retard- 
ation of another cylinder moving from 1 to3, and thus 
acomplete cycle of equilibrium is established, and as 
no dynamic strains interfere with the regularity of 
driving, its smoothness excels that of reciprocating 
engines as usually constructed. 
he cylinders are inclosed in a bed with removable 
cover, so that all vital parts are protected, and lubrica- 
tion facilitated. In the engraving the cover is removed. 
Four separate steam ports are provided, and are pre- 
sented in turn before a fixed inlet and exhaust, so that 


at wore reasonable speeds, and with careful | without any vibration that can be communicated to 
Referring again to | the ship. 
f the engine, it is easy to see that admission | run at a high speed, and under the latter condition is | ciples recommended by King Solomon), and who, 








steam enters each cylinder to force the piston out, and 


away during its retreat, and there is a constant | completed. | 
Saving power, so the engine will start from any posi-' forms, and was attended by Sir Auckland Colvin, the! of transmission. 





THE OPENING CEREMONY. 


It can also be arranged for twin screws, or to 


ure while the pistons move out, and opening of | eminently suitable for driving the guide blade propeller, 
¢ during their return, causes a revolution to take | invented by the author now just twenty years ago. 


Hydraulic engines are made on the same general 


This is done by changing the positions of the} 
cylinder stud and that of the main shaft ; and as this 
eccentricity determines the stroke just like the radius 
of a crank determines the stroke of a piston, there is a 
ready means provided by which this class of hydraulic 
engine can be governed. A supplementary hydraulic 
engine is employed to effect the necessary transfer, and 
the governor has no further duty to perform than to 
move the valves of this other engine, so that there is 
no difficulty in governing and waintaining a uniform 
speed, with the advantage of using water pressure just 
equivalent to the work performed. Thus, whether 
driven by steam or water, there are advantages claimed 
for this engine which, if realized to their full extent, 
ought to create anew departure in the production of 
power.—The Hngineer. 


THE NEW DUFFERIN BRIDGE, BENARES. 


DuRInG his recent tour of inspection in the north- | 
west of India, Lord Dufferin visited Benares, and | 
opened the Oudh and Rohileund we ray Company’s | 
new great bridge over the Ganges, which had just been 

The ceremony was conducted with all due | 
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MR. H. B. HEDERSTEDT, 
Chief Engineer. 


had, having been the instructor of my earliest youth 
(I may mention in passing in accordance with the prin- 
alm 
happy to think, is still alive to witness and rejoice in 
the success and triumph of his accomplished son.” Our 
engravings of the bridge are from photographs.—Lon- 





THE POSITION AND PROSPECTS OF ELEC- 
TRICITY AS APPLIED TO ENGINEERING.* 


By WILLIAM GEIPEL. 


In the — paper the author purposes confining 
his remarks to those branches of electric engineering 
which involve the employment of considerable power 
and are in some way connected with the use of dynamo 
machines. The principal of these may be treated 
under the four following heads: I. Electric Trans- 
mission and Distribution of Power. II. Electric Loco- 
—- III. Electric Lighting. IV. Electric Metal- 
urgy. 


I.—ELECTRIC TRANSMISSION AND DISTRIBUTION OF 
POWER, 

In the near future this branch of electric engineer- 
ing will probably occupy more attention and call forth 
more outlay of capital than either of the three others 
mentioned above. Already, indeed, it is commanding 
a great deal of attention. Owing to its simplicity, the 
ease with which an electric motor can be applied to 
any purpose requiring power, and its high efficiency, 
it is certainly an approach to an ideally perfect system 
© greater contrast can be imagined 








MR. F. T. G. WALTON, 


Executive Engineer. 


THE DUFFERIN RAILWAY BRIDGE OVER THE GANGES, BENARES, INDIA, RECENTLY OPENED BY HIS EXCELLENCY THE VICEROY. 


tion. Regulation as to speed is accomplished by a| governor of the N. W. Provinces, the Maharajah of 
powerful and sensitive governor inclosed within the | Benares, and a large gathering of the European resi- 
main driving pulley, and its movements are conveyed | dents and native magnates. 
by levers and rods to a balanced expansion valve, | Viceroy, the structure was named the Dufferin bridge. 


which causes no change in the exhaust, however the 


point where steam is cut off may vary. This expansive stream, formidable difficulties were encountered in con- 
valve is arranged to cover or uncover a series of smail structing the bridge. 
steam ports set in one augular direction around the | 3,000 feet wide, and the total length of the bridge is 
fixed valve face, so that more or less steam is admitted | 3,568 feet. 
a8 required, and the rate of expansion varied accord-| of iron girders of 356 


ingly. 
These revolving engines are conveniently com-| 
pounded by placing two simple engines on opposite 
ends of the same shaft, and under all conditions ex- 
perience shows them to be as durable and working with 
economy in fuel equal to the best larger engines of cor- 
Tesponding power. 
or marine or winding engines the valve setting has 
the peculiarity that either ahead or astern the exhaust 
Tewains unaltered, while the rate of expansion is caused 
vary ; and rods or handles to move the valve for 
starting, stopping, or regulating the expansion ahead 
orastern can be carried to the bridge, and a marine 
engine of any power, and of this type, can be driven 
by the officer there, and this isan advantage of value, 
particularly for war vessels or cruisers. The same con- 
struction renders these engines well adapted for use 
&8 winding engines for collieries and mines. They also 
start themselves directly steam is turned on, and one 
Special peculiarity is that they are found to run silently, 
and are eminently suited for places where this peca- 





liarity will be thoroughly appreciated. As there are 
h© unbalanced parts, the engine runs noiselessly, and 


Out of compliment to the 
Owing to a shifting sand bed and the deep and rapid 


The Ganges at this point is over 
The main stream is crossed by seven spans 
feet, each supported on brick 
piers. Less than half the brickwork of these great 
piers is, however, visible, no less than 120 feet of the 
masonry being below water, and 82 feet representing 
foundations carried into the sandy bed of the river, 
which here, in the rainy season, has a depth of 92 feet, 
with a velocity of 20 feet per second. The total cost of 
the bridge, not including the approaches, was 6,076,207 
rupees (about $3,000,000). The designs and the work 
executed in India have throughout been under the di- 
rection of Mr. H. B. Hederstedt, the chief engineer of 
the Oudh and Rohiicund Railway, while the execution 
of the work at Benares has, since October, 1881, been 
under the charge of Mr. F. T. G. Walton, the resident 
engineer, and who, in returp for his services, was cre- 
ated by Her Majesty a commander of the Indian em- 
pire. At the luncheon after the opening Lord Dufferin 


- ey of the work as a triumph of engineering, and 
then expressed his pleasure that ‘‘ the great and ardu- 
ous engineering task of bridging the Ganges at what 
 pemees, the most interesting as well as the most 
difficult part in all its course has been executed under 
the immediate superintendence of Mr. Walton, whose 
father is one of the dearest and kindest friends I ever 





than the difference between the position of electricity 
in this country and in America. On the other side of 
the Atlantic, although the science of electricity is much 
behind, the practice is far ahead of our own. Euro- 
ay science has supplied an agent, the value of which 

as been recognized by American engineers, and now 
in the United States the applications of electric motors 
are already rivaling and will soon excel in importance 
the application of electricity for lighting pur s. It 
is to be remembered, however, that there, owing to the 
high price of coal, the use of steam power is a 
more serious consideration than here. They have 
also in many places abundance of water power which 
ean be utilized by electric transmission. Notwithstand- 
ing these differences, there is in our own country an 
almost unlimited field for the employment of this mode 
of transmitting power cheaply to a distance, and of 
distributing power generated at a central station toa 
number of users in the neighborhood. 

Were it not for the cost of the dynamos and motors, 
electricity would supersede to a great extent the use of 
belts and shafting. In large works, where high speeds 
are required and the demand for power is variable, the 
efficiency of belts and shafting is very low indeed. As 
much as twenty-five per cent. of the power may be ab- 
sorbed by the shafting when the full number of ma- 
chines are in use, and in such a case with half the 
machines in use the loss of power rises to nearly fifty 
per cent., while in the extreme of driving only a single 
machine even ninty-nine per cent. may be lost. With 
electricity, on the other hand, no power is being used 


pt paper recently read before the Institution of Mechanical Engineers, 
on. 
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in keeping the transmitting medium in motion, the 
conductor being stationary. The loss takes place only 
while power is actually being used by the motors, eac 

of which drives its own machine. In fact, the percent- 
age of power lost in the transmitting medium becomes 
smnaller as the amount of power transmitted is reduced, 
which is exactly the converse of what happens with 
belting and shafting. For the sake of illustration and 
comparison, let it be assumed that a loss of twenty-five 
per cent. of power would take place in the electric con- 
ductor when the full load is on, although, in reality, 
the loss would never be above ten per cent., and need 
not be more than five per cent. Then with half load 
the loss would be twelve and one-half per cent., and so 
on, and with one machine possibly one-tenth of one 


yer cent. might represent the loss in the conductor. | ¢ 
,18 very great. 


Vhen it is remembered in how many cases the average 
load in a factory is less than half the maximum, it is 
evident that this point is one demanding the greatest 
consideration. In New York, where a large number of 
motors are supplied with current from the electric 
light mains, it has been found by experience that on 
an average less than one-third of the whole number of 
motors are in use at any one time. The depreciation 
of the electric conductors: is comparatively small, but 
whether the saving of renewing belts and of lubricat- 
ing shafting would not be counterbalanced by the wear 
and tear of motors is a question to be settled by indi- 
vidual experience. The advantage, however, of getting 
rid of shafting—thereby obviating the necessity for ad- 
ditional stability in the building, and doing away with 
constant lubrication—and the further advantages of 
saving the space and light absorbed by belts, and of 
the ease with which the conductor can be shifted to 
suit any desired alterations in position of machines, 
are also very important matters. 

The distribution of power by electricity from a cen- 
tral station to small users will, in the author's opinion, 
form in many towns a larger business than the light- 
ing. Both can be done from the same mains and gene- 
rators, just as is the case with gas. It is merely a 
question of economy and convenience as to whether 
gas or electricity should be used. The encouragement 
of small industries has long demanded some cheap 
means of obtaining power in small quantities, say from 
one-half to twenty-five horse power. The gas engine 
has not altogether met the requirements of small es- 
tablishments, although needing but little attendance, 
for the first cost of even a small engine is high, aud the 
amount of gas consumed is large. Moreover, the speed 
is generally irregular, owing to the intermittent im- 
pulse, which is more especially noticeable with light 
loads, and a considerable amount of wear and tear 
takes place in the valves and working parts. An elec- 
tric motor can be started and stopped at will with the 
greatest ease. It requires the smallest amount of at- 
tention, occupies the minimum of space, and can be 
placed in almost any position. An ordinary shunt 
wound motor will run at an almost constant speed, 


with a maximum variation of only five per cent. from | 


running light to fully loaded. This fact was first 
pointed out in an interesting paper in the Philosoph- 
tical Magazine for January, 1886, by Mr. Mordey, who 
has done much valuable work in the perfecting of the 
modern dynamo machine, The result of some tests 
inade by him of a Victoria motor for change of speed 
under variable load illustrates the remarkable con- 
stancy of speed attained. This exceedingly close regu- 
lation was obtained by using a simple shunt motor of 
suitable construction, and without any accessories, 
such as the wany forms of governing devices to which 
so much attention had been previously devoted. The 
result shows that such a motor possesses a practically 
perfect power of self-control, not only over its rate of 
speed with varying load, but, what is of equal import- 
ance, over the energy absorbed by it, for it helps itself, 
as it were, to only such an amount of energy as will 
enable it to deal with the work imposed onit. Another 
advantage in the use of shunt motors is that they act 
as generators when themselves driven by an extraneous 
power, without any complication of switch gear such 
as is required with a series motor. This fact was first 
pointed out by Sir William Siemens in a paper read be- 
fore the Society of Telegraph Engineers, June 3, 18380, 
In such a system, where railways, lifts, ete., are being 
worked by motors, the current generated by descend- 
ing trains or loads might suffice at times to supply the 
rest of the motors with sufficient current for their work 
without absorbing any current from the dynamo. At 
any rate, it would reduce the amount of current re- 
quired to be supplied by the dynamo. The first cost is 
also small compared with that of a gas engine. A one 
horse power motor will cost £20, against £100 for a gas 
engine. The cost of running a gas engine is about one 
penny per horse power per hour for gas alone. The 
sane power generated by adynamo driven by an effi- 
cient steam engine costs only about one farthing, cur- 
rent being supplied from street mains just as gas is. As 
siuall steam engines are being superseded by zas engines 
wherever the outlay for the latter can be afforded, the 
competition in regard to small powers lies between gas 
and electricity, and steam may be left out of the ques- 


tion. There is, of course, alimit, above which steam be- | 


comes the cheapest, and probably ten horse power may 
be taken as about that limit in this country. At Boston, 


in the United States, where some hundreds of motors | 


are supplied with electricity from central stations, they 
range from one-half to fifteen horse power, and are 
working lifts, printing establishments, small machine 
shops, and watchmaking, tailoring, bootmaking, and 
similar industries. Their working seems to be highly 
appreciated, and the author understands the users 
would be willing to pay even twenty-five per cent. 
more for them, in consequence of their convenience and 
regularity in working. In Geneva, within a radius of 
a mile and a quarter, there are no fewer than 175 mo- 
tors at work, varying from one half to seventy horse 
power, supplying power to small workshops and for 
other purposes, the electric power being obtained from 
dynamos and turbines, which are driven by water 
power derived from the Rhone. The installation is 
paying its way, and is about to be largely increased. 
At the Falls of Niagara plant is being put down to 
distribute power obtained from the falls to neighboring 
towns, including Buffalo, which is twenty miles «\‘s- 
tant. The amount of power is stated at 15,000 horse 
power, of which 10,000 horse power is contracted for at 
£3 per horse power per annum for power and lighting 
ourposes in Buffalo. As an interesting example may 

mentioned a six horse power motor recently erected 








| by the Brush Company, of Cleveland, Ohio, in a print- 


ing establishment, where it was connected with the 
regular are light circuit. It takes the place of a ten 
horse power steam engine, which had sometimes come 
to a standstill under its load. It drives about seventy 
to eighty feet of shafting, three cylinder presses, four 

laten presses, one large paper cutter, and one very 

eavy lift, and, by a four inch belt carried _ through 
three floors, it also drives three —— machines and 
four paper cutters. It does its work splendidly, and its 
motion is steady and regular. It has proved to the 
proprietors’ satisfaction that printing offices could well 
afford to employ electricity instead of steam, even in 
cases where the first cost might be more. In many 
other towns in America, where the electric light mains 
are within reach, the number of motors already in use 
Within two years 5,000 motors have 
been supplied by one firm alone, and the author under- 
stands that the Brush company is turning out as many 
motors as dynamos. 

In some places in this country, and more especially 
in Lancashire, it is customary for power to be supplied 
from a large steam engine to neighboring buildings, 
which are let out as separate workshops. In such in- 
stances, however, the power supplied is more frequently 
above than below ten horse power, and probably it would 
not pay to introduce an electric motor. Still it should 
not be forgotten that in renting these workshops con- 
siderable inconvenience may be incurred as regards the 
locality of the premises for the manufacture; more- 
over, the rent is often disproportionately high. Many 
schemes have been propounded for distributing power 
in wanufacturing districts by means of steam, com- 
pressed air, and water pressure, each of which is in use 
to a somewhat limited extent, and as all of them have 
been known long enough, it may seemingly be inferred 
from their limited employment that there is not much 
to recommend their extended use commercially. With 
steam, the condensation in the pipes causes loss of 
pressure, and resultsin wet steam being supplied to the 
engines. Compressed air cannot efficiently be worked 
expansively, and is attended with loss of heat in the 
compressor. Water pressure commonly involves using 
the maximum power, whatever the work required. 
Besides these prominent faults of the three several 
methods, what is of the greatest importance and com- 
mon to all three is that the generating plant has to be 
used almost exclusively for supplying the power, and 
eannot be utilized for other purposes in addition ; 
whereas, with a central electric station, the engines 
and dynamos serve to generate current for lighting 
purposes also at night. 

Collieries.—In collieries electricity will be largely 
adopted in the near future. For underground haul- 
ing, pumping, ventilating, and drilling, it can readily 
be applied with an efficiency double that of compressed 
air. With a well arranged installation, seventy-five 
per cent. of the brake power of the engine will be 
utilized on the shaft of the motor. For hauling and 
pumping, wire ropes or rods are the greatest competi- 
tors of electricity, which obviates the following disad- 
vantages in connection with them: Chance of break- 
down through strain, wear and tear, mishap to guides 
through falls of roof or dirt, trouble and expense of 
oiling the guides, and room required at pit mouth or 
at bottom for engine, pulleys, or levers, or other gear. 
As the tendency in mines in this country is toward a 
reduction of working hours, the question of mechani- 
cal haulage becomes most important, because horses 
must be fed whether at work or idle, and the cost of 
haulage by horses, therefore, increases as the working 
hours become reduced. For ventilating and drilling, 
compressed air is perhaps most largely used, and 
one of the great points in its favor is that the exhaust 
is available for supplying fresh air to the miners, and 
for driving out the foul gas after the firing of shots. 
But the cost of the compressed air machinery is heavy, 
as is also that of the pipes for conducting the com- 
pressed air from the compressor to the place where it 
is used. The cost of electric plant is somewhat less, 
and the efficiency is very much greater, while by using 
old haulage rope as conductors the cost of this item is 
rendered very small. 

At Trafalgar Collieries, in the Forest of Dean, there 
is an interesting instance of pumping on a small seale. 
A Gramme machine driven at bank supplies current 
to a motor in a mine 800 yards distant from it. A cur- 
rent of 15 amperes at 100 volts, equal to 1,500 watts or 
2 horse power, is found sufficient to work the pump, 
which is double acting, 5 inches in diameter and 8 inch 
stroke, and runs up to 70 revolutions or 35 gallons 
per minute, lifting about 90 feet. The entire installa- 
tion cost £250. It has been working about four years, 
and has given so much satisfaction that additional 
plant has lately been put in at a distance of 1,650 yards 
from the pit shaft for lifting 120 gallons per minute 
300 feet high, the distance between the pump and 
generator being 2,200 yards. A double throw pump 
with 9 inch plunger and 10 inch stroke is driven at 
twenty-five revolutions per minute by spur gearing re- 
ducing 6 to 1, the small pinion being driven by a belt 
from the motor. Current is conveyed to the motor by 
a conductor composed of nineteen wires No. 16 8. W.G. 
(0°065 inch) thick, giving 0°065 square inch total sec- 
tional area, insulated and carried on earthenware in- 
sulators. An old 4 inch wire rope serves for the return 
circuit. The efficiency obtained throughout is only 35 
per cent., but as much as 6°49 horse power or 22 per 
cent. is lost in the engine alone, which is an old one. 
The cost of engine and electric plant and pump cowm- 
plete was £774, without pipes. The weekly cost of 
maintenance is given as follows by Mr. Brain, the col- 
liery manager : 

s. d. 
Engineers, half time. gd Basel poe ees 8 0 
Men underground, full time 9 0 
Small coal consumed, say 36 tons at 
SS) eT eer 0 
Oil, waste and sundries 
Interest and depreciation, 


Total per week. 


Total per annum, £408, showing a yearly saving of 
£470 on the water power that was superseded. The 
cost of the water raised is 0°02 penny per horse power 
per hour, and 1°8 pence per 1,000 gallons. At the same 
collieries a 6 foot fan is also being worked by an electro- 
motor at 1,800 yards distance from the generator, 


Another interesting example of pumping is 

by the recent introduction of electricity for thie aa 
pose into St. John’s Colliery, Normanton, where 39 
pao per minute are raised 580 feet, equivalent to 63 
10rse power of work done. An old girder beam et- 
zine is utilized to drive the dynamo, and indicates 142 
10rse power with full load. he efficiency throughout 
is, therefore, 44-4 per cent. The power lost in the dif- 
ferent stages is as follows : 


Engine and dynamo run- 

ning light 12°0 per cent 
Conmdesters........cccaccoe & 2 , 
Motor and first shaft 19°7 
Driving pump empty...... 14°1 
Other Losses. . . 3: 


Total loss 
Useful work... 


79 
6°3 


55°6 
44°4 
14°2 100° 

It will be seen that only a small part of the loss takes 
lace in the electrical plant, the greater part occurring 
in the pump, engine, and gear, The pump is driven 
by toothed wheels, which are worked from the motor 
by a cotton belt, in order to obviate transmitting the 
vibrations of the pump back to the motor. The plant 
is being extended to pump in addition 120 gallons per 
minute against a head of 900 feet. 

At Thallern Colliery, on the Danube, where electri- 
city has replaced steam for pumping, it has been found 
after several months’ work that a considerable saving 
in coal is effected, also that the temperature of the pit 
is reduced some 14 deg. Fahr., steam having previously 
rendered the atmosphere of the mine unbearable. Ip 
the mines of Blanzy, in France, a ventilating fan is 
driven from a generator at bank. The fan is 150 yards 
in, 244 feet diameter by 11°¢ inches broad, and runs at 
730 revolutions per minute. The temperature at the 
face has been reduced 15 degrees, from 95 deg. to 80 
deg. Fahr., since its introduction. 

Ship Yards.—In ship yards and similar works elee- 
tricity has already proved itself a suitable and eco- 
nomical means of transmitting power for riveting, 
drilling, ete. The electro-magnetic tools described in 
Mr. Rowan’s paper at last year’s summer meeting (see 
Iron, vol. xxx., page 130) are being successfully em- 
ployed in yards at Dumbarton. This system possesses 
the additional advantage that the tool can be firmly 
held to its work by magnetic attraction alone, without 
the useof bolts, so that no holes need be left for hand 
riveting, as is required wifh other machine riveters, 

Transmission to Great Distances.—The transmission 
of power to great distances is not of such vast import- 
ance here as in the colonies, although even in the 
small sluggish rivers of this country ‘there are large 
amounts of power running to waste. In many places 
where works have been erected for utilizing water 
power, it has been at the sacrifice of convenience of 
situation, or of a ready and cheap means of receiving 
and dispatching goods, whereas, by means of electrici- 
ty the same water power might have been transmitted 
to a locality more suitable for the works. For short 
distances it does not pay to transmit water power by 
electricity, owing, as previously mentioned, to the cost 
of dynamos. In such cases, transmission by shafting 
Lor wire ropes ischeaper. But for long distances shaft- 
ing is out of the question, wire ropes become more ex- 
pensive, and electricity is cheapest. In table I. is 
shown the first cost of plant per horse power trans 


TABLE I,—FIRST COST OF PLANT PER HORSE POWER 
TRANSMITTED. 


System of 
Transmission. 





Distance of Transmission in Yards. 


1,100 | 11,000 | 22,000 


110 


Total H. P. 
Transmitted. 





£ | & 
142 | 210 
610 1280 
210 1090 | 2060 
61 760 1220 
35 59 | 87 
28 164 | 310 
|} Pneumatic...,.| 26 34 | 109 192 
|| Wire Rope...) “11 | 84 | si | 162 
| | 
mitted through different distances by electricity, water. 
air, and wire rope. There is, of course, a limit beyond 
which it would not pay to transmit power, because 
with the distance the capital outlay increases until 
the interest thereon outweighs the cost of the coal 
which would be consumed by a steam engine ou the 
spot. Wire rope is, perhaps, cheaper for distances of 
less than one mile, although the disadvantages of hav- 
ing to lubricate pulleys and to provide substantial sup- 
ports would in many cases compensate for the higher 
cost of electricity. The limit of distance to which it 
is economical to transmit water power increases wit 
the amount of power transmitted. From table IL, 


PER HORSE POWER TRANSMITTED 
PER HOUR. 


£ 
81 


97 


Electric 
Hydraulie..... 
Pneumatie.. ...| 
Wire Rope....| 
Electric....... 
Hydraulic ... 


mi 


10 || 








TABLE II.—COsT 


| 


Power Generated by & 
Fall of Water. | 
Distance of Transmissiot 
in Yards. 


Power Generated by a 
Steam Engine. 
Distance of Transmission 

in Yards. in 


System of 
Transmission. 


—_— 


! 
11, 000 22,000 


22, 000 


| 110 | 1,100 |11, 000 


| 
110 | 1,100 


Total H. P. 
Transmitted, 


d. 

5-20 
19°00 
16°70 


22°70 


= 
[-"] 


uF 


{ Electric. 
x, | Hydraulic 
| | Pneumatic... 
Wire Rope.../ 





eu 
ae 


| mmr 
| mos core 
atl 


as Sed 
elec 


( Roserie lesien 
Hydraulic. . 

) Pneumatic 

| Wire Rope... 


100 450 | 


9°73 | 





38 
oe 
S22 








aor 
gw 


showing the cost of one horse power per hour, it oP 
pears that, when the power is generated by a fall o 
water, 5 horse power can be transmitted 11,000 y 

at the rate of 0°52d. per horse power per hour by ele 








tricity, while at the same rate also 100 horse power ¢a# 
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itted 22,000 yards—that is, double the dis- 

be The transtnission of steam power over long 

distances is seen from the same table to be not eco- 

_ Small powers, say up to 10 horse power, may 

otrapsmitted as far as three miles, but larger powers 

not so far, because for larger power a local engine be- 
more economical. . 

As an interesting instance of the transmission of 
wwer by electricity over long distances, that at the 
bhasnix old Mines in NewZealand may be referred to. 
the current is generated by two No. 8 Brush machines, 
exch capable of giving 20,000 watts or 26 horse power. 
They are driven by Pelton water wheels, with a head 
of 180 feet. The current is conveyed to the motor 
about 3 miles distant, and back again, by a No. 8 
BW.G. copper wire (0°165 inch thick) nearly 6 miles 
Jong, sup yorted on telegraph poles. The power lost in 
the line is only 3 horse power. A Victoria motor is 
gsed, running at about 350 revolutions per minute, and 





the power is transmitted to the machinery by a belt. 
Deprez succeeded in demonstrating practically that 52 
horse power could be transmitted over a distance of 35 
wiles, namely, from Creil to Paris, through a copper 
cable equal in section to a wire of less than 0°2 inch in 
diameter. But his machines were not efficient, the | 
power required to drive the dynamo being 116 horse 
wer, of which 44 per cent. was lost in the dynamo | 
and motor, and 11 per cent. in the 70 miles of the out- 
ward and return wire. There is no reason, however, 
why much more efficient results should not have been 
obtained. As much as 18 per cent. of the total 


consideration, more especially in places where the 
motor is placed upon the car which carries passengers, 
when noise and vibration would be most objectionable. 
The following five methods of gearing are those more 
generally employed : (1) Worm wheel gearing, (2) pitch 
chain gearing, (3) leather belting, (4) rope, either end- 
less or not, (5) toothed wheels. orm gearing appears, 
from Mr. Holroyd Smith’s experience at Blackpool, 
where his electric tramway is worked with an under- 
ground conductor, to be the best for tram cars. Al- 
though, as a rule, it is not efficient, yet, if well designed 
and properly lubricated, it can be rendered more effi- 
cient, and probably is fairly suitable for this purpose. 
Some tests made by Mr. Reckenzaun show a maximum 
efficiency ’of 87 per cent. The author thinks that a 
combination of toothed wheels and friction gear, such 
as has been introduced by Mr. Raworth for driving dy- 
namos in electric lighting with excellent results where 
space is a desideratum, would make a silent working 
and durable form of gear. The friction gear would 
serve to reduce the speed from the motor to a counter- 
shaft, and from the latter the driving wheels of the car 
would be driven by toothed wheels, The form of gear 
employed, of course, depends greatly upon the nature 
of the traffic and of the rolling stock. 





Third Insulated Rail.—As an example of an electric 


railway with a third insulated rail, that at Portrush, | 


Ireland, is probably the most interesting, as being one 
of the first started in the world, and also the longest. 
Its total length is six miles. Power is generated b 


as high as this, the leakage on the third rail systeu 
would be excessive. 

Underground Conductor.—Perhaps the most import- 
ant example of this plan is Mr. Holroyd Smith's electric 
tramway at Blackpool, which has been in successful 
operation for some two years. The underground con- 
duit is somewhat similar to that of a cable tramwa 
such as is working at the present time in Edinburgh 
and on Highgate Hill, London, but instead of the car- 
rier being used to gripe a running cable, it is made to 
rub along a stationary conductor. The cost of working 
is stated to be less than fourpence percar mile. During 
one week in the season of 1 there were 44,306 passen- 
gers carried, at a cost of £45 for wages and fuel, which 
s less than one farthing per passenger. Where an un- 
derground conductor is employed, the advantages of 
having no slit communicating with the surface of the 
street are so obvious that an ingenious plan has been 
_ 1 by Mr. Frank on for placing the conduc- 

r in a hermetically sealed conduit under the line. A 
small carrier, which acts as a contact maker between 
the conductors and short sections of rails laid in the 
road, travels along the conduit, being actuated by a 
tiny electromotor and by part of the same current 
which works the tram car above it. An absolute syn- 
chronisin between the tram car and the carrier is ob- 
tained by a simple device, The short sections of rails 
are in circuit only while the car is over them. A plan 
has been proposed by Messrs. Ayrton & Perry for wak- 
ing contact between the underground conductor and 


wer was | two 50 horse power turbines, driving a dynamo which | the section of rail underneath the car, by means of the 


absorbed for maintaining the magnetism of the field of | is capable of generating 100 amperes at 250 volts; the weight of the car, which actuates an arrangement of 
the dynamo, whereas in a well designed machine less | current is transmitted from the river Rush through a levers that wake the contact so long as the car is on 


than 5 per cent. should suffice. Mr. C. E. H. Brown, of | 
Oerlikon, has succeeded in transmitting by electricity | 
30 horse power from water power at Kriegstetten over | 
a distance of 5 miles to Solothurn, in Switzerland, with 
acommercial return of over 70 per cent. Two series | 
dynamos and two series motors are arranged on the | 
three-wire system. Each of the three wires is ¥ inch | 
in diameter, consisting of bare seeper suspended on | 
poles about 40 yards apart, with fluid insulators for in- 
suring good insulation. For a space of 130 yards across 
the river Aar. silicium bronze wire is used, which has | 
the same conductivity as copper and a tensile strength | 
of 30 tons per square inch. The current used is 15 amn- | 
peres, and the potential difference at the terminals of 
each dynamo is 1,250 volts. The resistance of the line | 
jis 10 ohms, and the loss in it is a little over 3 horse | 
power, or 6 per cent. of the total power. The loss in| 
dynamos and motors is 24 per cent., being much less | 
than in Deprez's machines, where it was 44 per cent. | 

At Hatfield, on the Marquis of Salisbury’s estate, the 
river Lea is utilized to generate electricity, which is 
transmitted to the house and over the estate for a| 
variety of purposes. Two turbines are used—one to) 
drive a 40 horse power Siemens alternating current 
dynamo, for lighting the house, and the other to drive 
a1l6 horse power Brush machine, for are lighting at 
night, and in the day for working the motors at the 
house and on the farm. Those at the house drive 
pumping and ice making machinery, and a 24 inch 
Blackman air propeller fixed in the roof for ventilat- | 
ing, and on the farm the motors are used for elevating 
hay and corn sheaves to the tops of the stacks, for 
thrashing, for cutting rough grass with a chaff cutting | 
wachine for ensilage in fields extending to a distance of 
two miles, for grinding corn, ete., to make fodder, and 
for other purposes. he motors have also been used 
for pile driving, for making cofferdams where neces- 
sary in the river, and also for dredging the river and 
clearing it of weeds. A Gramme motor, capable of 
raising 2,500 or 3,000 gallons per hour, pumps the town 
sewage into a tank ata height of 30 feet for irrigation. 
The conductors are carried overhead on poles about 
the farm and underground in wooden troughs to the | 
house. In favorable districts the su ply of power to | 
farmers by means of electricity isa cabtes well worthy | 
the consideration of capitalists. If water power is not 
to be obtained as the prime mover, them steam power 
wust be used, as is now the custom, but in a more eco- 
nomical form than in a portable or traction engine. 
The expense of taking these engines about the farm, 
both in coal and wages, must render them costly to the 
farmer in respect of the power actually used. ‘An eco- 
nomical engine could be fixed for generating an elec- | 
trie current to be transmitted through overhead con- | 
duetors carried on poles along the roadside. 


Il.—ELECTRIC LOCOMOTION. 


The practical methods of accomplishing electric loco- 
motion seem to the author to be the four following : 

1. The use of a third insulated rail or conductor to 
convey the current from the generator to the motor 
carried on the locomotive, contact being made by a 
wheel or a sliding spring or brush, while the two ordi- 
nary rails serve as a return circuit, the current being 
conducted from the motor to the rails through the 
frame, axle, and wheels of the locomotive. 

2. The employment of an overhead conductor sup- 
ported on poles or from the roof of an arch or tunnel, 
contact being made either by a carrier on wheels run- 
ting along the conductor, or by rubbing. The return 
Greuit may be either through a second overhead con- 
pc or through the ordinary rails, as in the third- 

an. 

3. The use of an underground insulated conductor, 
DI in a conduit between the rails, and conducting 
Je current from the generator through a contact car- 
thee to the motor, whence it is conveyed back through 

frame, axle, wheels, and rails. 

Pa soueymant of storage batteries, placed pre- 
erably under the seats of the car, with the motor and 
and underneath, or the whole placed on a separate 

motive. 

he plan of using the ordinary rails as positive and 
} 5 ap conductors, and insalating the wheels or axles 
to the cars, is attended with the objection that, owing 
is ditt om supports having to carry heavy loads, there 
Ciceasin ty in insulating the rails sufficiently to prevent 
firet og leakage to earth. Of these four Methods the 
appli ep the chea st and most efficient, but are 
a Cable only to railroads, while the two other plans 

&n underground insulated conductor and of storage 


mye nm the car are both applicabie to street tram- 
tno Sring.—Owing to the high speed at which electric 





Ps seg require to run, and the limited space available 
the em to occupy, the mode of gearing the motor to, 
axle of the locomotive or car forms an important 





distance of 1,600 vards to the railway, the resistance of 

the line being 1°9 ohm. Pitch chain gearing is used, 

and gives satisfaction. The working expenses amount 

to less than threepence per car mile. Another instance, 

also in Ireland, is the Bessbrook and Newry Tramway, 

which is three miles long and three feet gauge, and is 

actuated by water power. A turbine which develops 

62 horse power drives two Edison-Hopkinson dynawos, 

each capable of giving out 25 horse power at 250 volts. | 
The third rail is of channel section steel, supported in 
wooden blocks which apparently act admirably as in- 
sulators, the leakage being only }4 ampere per wile or 
0°3 horse power in all. A train consists generally of one 
passenger car constructed to carry thirty-eight persons, 
and three goods wagons, each carrying two tons freight. 
The maximum speed that can be attained is fifteen 
miles per hour. Bee. also, chain gearing is employed. 
The cost per train wile is 3°6d. during the busy 
months, and 4°2d. in slack months. These figures, 
however, do not include anything for depreciation on 
the cost of construction of the railway—which was 
£2,500—nor for general supervision. 

Overhead Conductors.—The electric railway at Moed- 
ling, near Vienna, is a good example of the employ- 
ment of overhead conductors. The number of pas- 
sengers carried during the year 1886 was 342,257, 
according to Mr. Reckenzaun, and the average cost 
342d. per car wile. The coal consumption per car 
mile was 13°4 pounds of very inferior brown coal. 
The current is generated by.six Siemens dynamos, 
driven by three portable engines of 12 nominal horse 
power each. The use of these engines may account for 
the somewhat high consumption of coal. The overhead 
conductors, which are carried on posts 18 feet high and 
90 feet apart, consist of slotted tubes in lengths of 15 
feet each, soldered together. A contact carriage slides 
within the tube, which is one inch diameter inside. 
Spur gearing is used, but apparently is not satisfac- 
tory. The objections toit are the rapid wearing out 
of the high speed pinions, the great weight of the gear, 
and the noise and vibration caused. The Frankfurt- 
Offenbach electric railway, which was opened for traf- 
fic on April 10, 1884, is similar to that at Moedling, the 
current being brought to the moving cars by means of 
slotted iron tube conductors carried overhead. The 
length of the line is about 4', miles; the gauge is 1 
meter (3 feet 33g inches). The sharpest curve has a ra- 
dius of 984¢ feet; the steepest incline is 1 in 30, and 
only 18 per cent. of the line is level. The average speed 
of the cars is 7'; miles per hour. Two cars coupled 
together start from each end of the line every twenty 
minutes. Each car has seats for eighteen passengers, 
and standing room for twelve more, the gross weight 
being four tons. The motor is placed under the floor 
of the car, and the connection to the wheels is made by | 
toothed gearing. The generating station is at Ober 
rad, about the middle of the line, and contains one 
twin engine of 240 indicative horse power, and one 
spare engine of 80 to 100 indicative horse power. In 
regular work one cylinder only of the twin engine is 
used, giving off 120 indicative horse power. The cur- 
rent is generated by three Siemens dynamos, called 300 
light. A fourth similar dynamo is in reserve. The} 
working electromotive force is 350 volts. The current} 
generated by the three dynamos is sufficient to keep | 
eight cars running simultaneously. This plan has been | 
most largely adopted in America, where there are proba- 
bly uot far short of one hundred electric railways at work 
and projected. It has certainly the recommendation 
of cheapness, for a higher voltage is permissible, and 
consequently a smaller conductor with less loss of 
power than in the case of the third rail. This is more 
especially important for long lines. As an instance of | 
what is being done, a railway of eleven miles’ length is | 
now in course of construction at Richmond, Virginia, 
and forty cars are building to be worked upon it on | 
the overhead system. Another instance is the railway 
at Seranton, Pennsylvania, which has been in success- | 
ful operation about a year. It is four and a half wiles 
long. Five cars carrying motors from 15 to 20 horse 
power are in use, and four cars with 25 horse power} 
motors are being constructed, each of which will be| 
able to draw two others. The cars carry seventy-five | 
passengers each. The current is generated by two 100 
horse power dynamos, driven by two 180 horse power 
engines, one set being spare. he potential adopted is | 
600 volts. The overhead conductors are of copper, }, 
inch in diameter; the supporting poles are 100 feet | 
apart, about 20 feet high, and about $ inches diameter | 
at the thick end. The return cireuit is through the! 
ordinary rails. The plant is also used for lighting the 
town. The potential generally employed in America 
for the longer lines is from 500 to 600 volts. The latter 
is probably the limit to which it is safe to work. With 
this potential two 3¢ inch copper conductors would 
serve to work twenty-five cars in parallel, the current 
per car averaging about 10 amperes. With a voltage 











that section. A plan has also been proposed by them 
for employing the attraction of a magnet fixed on the 
ear val keepers fixed in boxes underneath the street. 
The contacts on the keepers are permanently connected 
with the underground conductor, and, when lifted by 
the attraction of the magnet on the car, they make 
connection with a section of rail, putting the motor in 
circuit. 

Storage Batteries.—Storage batteries on the car have 
not as yet been much used, though many experiments 
have been made from time to time. The problem was 
first attempted by Mr. Reckenzaun, who has done 
wuch to perfect the plan. The difficulty is that, if the 
accumulators are made light, their depreciation is high, 
while if they are constructed with a thoroughly service- 
able make of cell, their weight is very great. he first 


| cost of the cells is also somewhat prohibitive, and their 


depreciation is high. A trial of this plan on a practical 
scale is now being made by Mr. Elieson on the North 
Metropolitan tramway in London. The storage cells 
are placed on a separate locomotive car. The motor 
turns itself round on an upright pivot, by means of a 
bevel wheel on the armature shaft, gearing with a 
circular rack fixed on the floor of the car, and the revo- 
lution of the motor is transmitted to the axle of the 
ear through miter gear. ‘Trials are also being made in 
Brussels, in Philadelphia, and in other places, but 
there appear to be no very reliable data as to the cost 
of working. The plan has been unsuccessful in the 
past, owing to the use of inefficient motors and gear, 
which require, of course, an increased size of battery 
in proportion to their inefficiency. The imperfection 
of the secondary batteries employed, as pointed out, 
has also prohibited success. With motors, speed-reduc- 
ing gear, and secondary batteries all improved, the ex- 
periments now being made bid fair to demonstrate the 
successful working of tramways by electricity in crowd- 
ed thoroughfares. 

Ordinary Rails as Conductors.—The short electric 
railway of Mr. Volk, at Brighton, on this system, is in- 
teresting as being one of the earliest in use in this coun- 


try. The expenses amount to 2d. per car mile, being 
made up as follows : , 
a. 
Bas for ONMMES. .. 2. cccccecccsccccssccisess 111 
WIG, 5 | adn n kué's 06d0 vu 0cdCeenescnnse penne O-7 
Obl aI WEBER. .o.o..cc.sccocccccscccccceeores 0-07 
ee POET Ce er Te 0°12 
Total per car mille. ...c0s seesccee one 3 


The total car miles per annum are stated to be 47,000. 


|and the depreciation at 10 per cent. on the £8,000 cost 


of construction is therefore equal to 14¢d. per car wile, 
thus bringing up the total cost to 34gd. per car mile. 
Several similar railways are now working or contem- 
plated in seaside towns. 

Cost of Working.—From these iustances it will be 
seen that, taking into consideration the fact that the 
machines here employed are not so efficient as those 
now being made, an electric tramwy may be worked 
for about 3d. per car mile ; and as the cost of horses is 
from sevenpence to ninepence per car wile, the import- 
ance of electric propulsion for tram cars and short rail- 
ways is very evident. At the Antwerp exhibition in 
1885, when electric locomotion was beginning to receive 
consideration in its commercial aspect, a series of trials 
extending over four months on five different kinds of 


|tramway motors resulted in the first place being as- 


signed to the electric car, in competition with the four 
following plans: The Krauss and the Wilkinson loco- 


| motive separated from the car, the Rowan engine and 


car combined, and the Beaumont compressed air car. 
The results of these trials are given in table III. 


~ 
TABLE ITI.—TRIALS OF TRAMWAY MOTORS AT ANT- 
WERP EXHIBITION, 1885. 

















” ee 
iki Com- 
Description of Motor...... | Electric.) Rowan. vo Krauss, we 
| | % r. 
Train miles run, total.....,-.| 2850 | 2617 2473 | 2458) 2.250 
Consam ) Total... ... Ib., 14,786 | 14,49 22,000 | 22.726 | 90,420 
tion o ~Per train mile,) | | 
Fuel. Ib.| 6°16 Sa | oe o1 | soa 





Notwithstanding that the use of electricity for heavy 
railway traffic has been predicted, the author thinks 
that, so long as the electricity is generated by dynamos 
driven by steam engines, steam locomotives will not be 
discarded in favor of electricity for long distances. But 
for light railways and suburban lines, underground or 
overhead, where the use of a steam engine is a nuisance, 
there can be little doubt that electricity must be largely 
adopted in the immediate future,as the number of 
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such railways already constructed and in course of plan- 
ning is vow between one and two hundred. 
Underground Haulage.—Eleetricity has been applied 
to haulaye in various mines. A locomotive car, worked 
by a current sent through a conductor fixed along the 
side or the roof of an underground road, could be em- 
ployed economically wherever the traffie is large and 
the distance cousiderable, but there is the objection of 
requiring a heavy locomotive car, in order to get suffi- 
cieut tractive power for starting a train of tubs. 





colliery at Zankeroda, near Dresden, power is generated | right angles to O O, and a caoutchoue tube, M. 


above ground by a vertical engine having 10 inch cylin- 
der with 8 inch stroke, which drives a Siemens dyna- 
mo. The current is led to the shaft, which is about 60 
yards distant, by two bare copper wires, then down the 
shaft to a depth of 120 fathoms by well insulated con- 
ductors, to the 4 irons, which run along the roof of the 
wagon way and form the contact rails. The current is 
picked off these rails by sliding contact pieces tixed to 
the locomotive, and is led to a switch, which can turn 
the full current either through the motor or first 
through reducing resistances and then to the motor. 
A controlling switch, with a seat for the driver, is 
placed at both ends of the locomotive, so that perfect 
coutrol of the speed and of the starting and stopping 
of the motor is provided. The length of the line is 
about 700 yards, and the gauge is 2244 inches. A train 
consists of about fifteen tubs, each carrying 10 cwt. of 
coal, aud the locomotive weighs rather over 30 ewt. | 
The journey takes from three to five minutes, the 
speed varying from five to seven miles per hour. 
plant cost a little over £800, including steam e 
dynamo motor, locomotive car, conductors, and acces- 





soriles., 
was supplied by Messrs. Siemens & Halske, by whom 
several other mines in Germany have since been simi- 
larly furnished. The working cost of hauling 660 tubs | 
ver day of sixteen hours is given by Mr. Rowan as fol- 


} 








OWS: 
s. d. 
DTIVOR'S WAGOE. oo ccc cccecccececese 5 3 
SCCM... o0cac Vetitnleniaeonee eed 2 3 | 
Engine driver at surface..... -8 1% 
Lubricating, etc..........06 seers 1 1% «6. d. 
— ll 9 
Interest and depreciation at 15 per cent. 
per year of 300 working days..... ..... 8 11g 
Total working cost per day.... .. 19 1049 


TABLE IV.—ELECTRIC RAILWAYS IN EUROPE AND 








AMERICA. 
Place and Mode of Length Rolling , , 
Working.* of Line, Stock Cost of Working. 
Miles Pence 
{ Lichterfelde, Berlin R 15 2 cars 
| Brighton 4 1 2 cars 192d, per car mile 
| Moedling Hinterbruchl 
! oO 28 12 cars 742d. per car mile 
' Frankfurt-Offenbach O 1 14 cars 383d. per car mile 
Py | Zaukeroda Colliery O 045 ; - — ,0 77d, per ton 
= { Hohenzollern Mine O 0-47 ‘ i — + O5d. per ton. 
& | Portrush rh 6 4 cars 246d. per car mile 
| Bessbrook and Newry 
Th 3 8 cars 4d. per train mile 
| Blackpool I 2 10 cars less than 4d. per car 
mile 
| Brussels Ss 5 cars 
Hamburg Ss 2 cars 
Baltimore, Md | 
Th and O 2 | curs Is. Sd. per car per 
Los Angeles, Califor | day 
nis vu ] S cars 
Port Huron, Michigan 
0 i 8 cars 
| Windsor, Canada Oo 2 2 cars iés, 8d. per day for 
power 
| Highland Patk, Detroit | 
rh 3% | 2cars ds. 24gd. per day for | 
= | Dix R al, De | fue | 
> Mich oO 14 i cars 
2 ) Appleton, Wiscensin O tle 8 cars 
# | Scranton, Pennsylvania 
a Oo Je a } cars 
Denver, Colorado { He | Tcars 6+. 2d. per day for 
| fuel 
Montgomery, Alabama (530 per cent less 
| oO il } 18 cars than horse and 
| { mule trection | 
Kansas City, Missouri - — 
Orange, New Jersey 
0 Ly l car 
—e on 
Basten, M ~ en j o s; 4} 1 locom. 
3 cars 


ur refinery ) { 


For the output of 660 tubs or 330 tons per day this 
amounts to only about three farthings per ton. 
Telpherage.—The plan of transporting material in | 
skips on overhead wire ropes by means of electricity, | 
introduced under this name by the late Professor 
Fleeming Jenkin, of Edinburgh, has not so greata field 
for its use in this country as it may have in less popu- 
lous regions, because our roads are good, and railways 
generally near at hand, and we have abundance of 
water carriage. But in places where material has to be 
conveyed across hilly districts or over bad roads to the 
railway or water, it will be found more useful. It has 
been employed with considerable success for the past | 
two years at Glynde, near Lewes, for transporting clay 
to the railway over a distance of 1,600 on 270 tons 
are carried weekly at 74gd. per ton. In our larger| 
cities a modification of this plan might advantageously 
be applied to alleviate the heavy street traffic. In the 
place of wire ropes stiff girders might be used, the cars 
being suspended from wheels running along a rail or 
rails fixed on the girder. Such a railway would be eco- 
nomically constructed, in comparison at least with the 
expense of constructing an underground railway, and 
it would not have any great effect in obstru¢ting the 
light from the streets, as is the case of elevated rail- 
roads for steam locomotives. 
A general idea of the present position of electric loco- | 
motion in Europe and America is furnished by table 
LV., which is an abbreviation of one compiled in May, 
1887, by Mr. T. C. Martin, president of the American 
Institute of Electrical Engineers. 
(To be continued.) 
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the Clamond lamp w 


MAGNETISM PRODUCED BY STEAM. 


Somg time ago Tommasi claimed to have magnetized 
steel bars by passing hot steam round them in spiral 
tubes. ; 

I made a few experiments on this, and succeeded in 
magnetizing some iron wire pretty strongly. The ap- 
paratus is represented in the annexed cut. 

O O is a brass tube connected to the Florence flask, 


In a|T, by means of a smaller brass tube, R, soldered at 


In- 


secured by solder or otherwise to a vertical ax 
their ends being trimmed to ap are of somewhat less 
radius than their length. A side view is shown in 

2, D being a frame in which the axis moves. If the fan 
of wires be placed before a bar magnet, C, it will ad 
just itself in the horizontal plane in which it moves 
that the central wires are opposite to the pole of the 
magnet, and if the flame of an alcohol lamp or Bunsen 
burner is placed under the central wires, they wil] be- 
cowe heated and the fan will acquire a rapid recipro- 
eating motion, resulting from the alternate heating 


























MAGNETISM PRODUCED BY STEAM. 


of the brass tnbe. 


nine strands of plain, thin iron wire 
The tubes rest on two stands, A and 


in the brass tube flows down to B, where it falls out of 

a hole, y, into a vessel, c, the steam passing out at 2. 
After a quarter of an hour I examined the wire and 

found the south-seeking magnetism to reside at the 


end at which the steam issued, and the north the end 
ic | 
h | Which is well known to our readers, as regards its 


it entered. The tubes were not lying in the magnet 
meridian. In this experiment the steam did not touc 
the iron ; but I tried it without the glass t 
the steam touched it, and obtained the same results. 
I also tried passing water over the iron, and kept a 
stream of water for several hours running over an iron 
bar ; but with no apparent result. 

Dr. Gilbert is said to have magnetized iron bars by 
heating them and then cooling them in the magnetic 
meridian ; but I was unable to obtain any results—at 
least, both ends attracted the south pole and repelled 
the north. 
in the magnetic meridian, I obtained a feeble magnet- 
ism, the end pointing to the north having north-seek- 
ing magnetism, and that toward the south south-seek- 
ing magnetism.—Eng. Mechanic. 


AN INVERTED CLAMOND LAMP. 
THE accompanying illustration shows a new t 
ch has just been introduced, and 





which, while possessing all the excellent qualities of the 


| latest form of this lamp, has the additional advantage 


rinciple of regeneration. The 
types of the Theced lamp hitherto introduced have 
been arranged for use with ordinary fittings. The pre- 
sent form, however, is of the pendant kind, and there- 
fore it will enter the field occupied by the various re- 
generative burners, and will compete with them for 
some of the patronage now being bestowed by the pub- 
lic on high power gas burners. Judging. from the per- 
formance of the vertical burners of the Clamond class, 
we think it may be predicted that the new comer will 
not fail to show satisfactory results in working.—G@as 
Light Journal. 


of embodying the 





COOPER’S THERMO-MAGNETIC MOTOR. 
Mr. W. B. Cooprr, of Philadelphia, has made a 
small thermo-magnetic motor, having a reciprocating 
action. Ina letter to the New York Electrical Review 
he writes as follows : 
‘*A deseription of an experimental motor which I 


Fit. 1. 


a 











Fie" 2 
devised in the early part of the year 1884 may be inter- 


esting so zeae readers, as it is easily made and will 
move rapidly. It consists of a number of small radial 
iron wires, A (Fig. 1), having a small copper wire, a, 


ype of | 


It has been working successfully since 1882, and | be magnetized, which, in this experiment, consisted of | i . 
— together. | pletely shielded from air currents. 


of which Ais; | , : 
higher than B, so that any water that has condensed | wires will considerably red 


| rE LAST 2 


ube, so that 


By swinging the iron bars for a short time | 


The | side O O and not touching the sides is a smaller glass | and chilling of the wires above and below the temper. 
ngine, tube, VV, fixed into two corks which close up the ends | ature at which the critical change occurs, the ends of 
Inside this glass tube is the iron to | all the wires being at a red heat. 


“To secure regular motion, the flame should be com- 


‘‘A mixture of borax, glass and lime fused upon the 
uce the oxidation,” 


F THE ARON ELECTRIC 
ETER. 

WE take the opportunity of giving herewith a few 
details concerning the iast model of the Aron meter, 


principle, but to certain details of which we think it 
well to revert. 

| As well known, the difference in the number of oseil- 
| lations of the two pendulums, D,, D,, is registered by a 
| differential counter, with a planet wheel, which may 
be seen at the upper part of the case. 

The starting of the pendulums, at the moment that 
one or more lamps are lighted, and their stoppage when 








the lamps are extinguished, is effected through an elec 
tro-magnet, which may be seen in the center of the 
figure, and which is inserted in a derived circuit. On 
attracting its armature, the electro-magnet causes & 
jointed parallelogram (connected with the pendulums 
by two fingers belonging to two bent levers jointed to 
the vertical arms of the parallelogram) to move toward 
the right. An impulse having once been given to the 
pendulums, the fingers are disengaged by stops, until, 
the electro-magnet being excited, the fingers fall, 
again fasten the pendulums. 

It is therefore necessary that, as soon asa current 
traverses the main conductors, the derived circuit shall 
be closed. Tothis effect, the current, before 
into the coarse wire bobbin, C, which actuates one of 
the pendulums, traverses the bobbins of the electro- 
magnet, G, whose attracted armature closes the de- 
rived circuit at H. » sae 

The ee ae in the Me pn of - case » or 
interposed in the starting and stopping derive« 
Finally, to the right is shown a lead wire which serves 
to regulate the verticalness of the pendulums—a ©? 
dition indispensable fora proper working.—La Lumiere 
Electrique. 





In Zurich, small pox in 1882 had been completely 
suppressed by the strict enforcement of compulsory 
vaccination. Anti-vaccinationists secured in that aed 
a repeal of the law, urging that there could be ae 
cessity for it. The mortality from small pox has al 
steadily from that time. In 1882, no deaths ig noe 
from this cause ; in 1883, 2 per 1,000 deaths were { 








plaited around them to keep them in position, and 


by small pox; in 1884, there were 8 per 1,000; 
17; and in 1886, 85. 
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MOULDERS’ TOOLS. 


{TuxsE comprise the rammer, vent wire, trowel, vari- 
ous cleaners, bead and flange, and similar tools used for 
ing, and finally the workmen's hands. Simple 
h these may appear, their proper employment 
involves a knowledge of the first principles of the art 
of moulding. The workmen's hands are purposely in- 
eluded, because in the making of a mould very much 
often depends on the way in which the hands are used. 
Tools will often damage a mould, the hands seldom do; 
the sense of touch is more reliable than the pressure of 
a tool, and for this reason a good moulder seldom uses 
the latter when his hands can be of service. Thus, in 
making an uneven bed for the bedding down of a pat- 
tern, the whole surface will be gone over in detail with 
the hands, in order to judge of its equal consistence, or 
otherwise ; soft places are rendered firm by pressure 
and the addition of more sand, and the surface is rough- 
ened by rubbing the palms of the hands to and fro 
ver it. 
go is tucked under flanges and ribs and into angles 
by the hand ; pouring basins, too, are rounded up with 
the palms of the hands and the fingers, as well as run- 
ner and riser heads. 
and safer with the finger than with the trowel, loam 
is daubed on by hand, small patterns are lifted out by 
the fingers better than with spikes ; in fact, the hands 
of a moulder are of exceptional use to him. 
There are two types of rammers employed, the “‘ peg- 


ing” and the “ flat rammer,” and each is used in dif-| 4 in. to 3g in. being shown at A. 
A (Fig. 49) shows a pegging rammer, and | long and large, they require the use of both hands to density, fails to provide. 


erent sizes. 





Broken parts are mended better | 


| 





moulds of moderate depth a hard bed is necessary to! nature of the work admits of it—that is, when the 
withstand the pressure of metal, and then the practice | distance from the face of the sand lying outside to the 
is to ram a hard bottom stratum, and over this! face of the embedded pattern is aire | regular, as in 
a thin stratum of softer and more open sand. Bub-| work having tolerably flat outlines—will gauge the dis- 
bling at the surface is thus prevented, as the gas gets | tance by first touching the pattern with the wire, meas- 
through the more open sand into the denser body or| uring the length, and then pushing the wire in toa dis- 
backing below, which is well vented, the venting being | tance 44 in. or }¢ in. less, as required. The reason why 
proportional to the harduess of the bed. In the case! this space can be left is that the porous nature of the 
of a thin shallow casting, soft ramming at the surface | sand allows the gas to strike through the thickness in- 
is of more importance than in a deeper one, because in| tervening between the termination of the vent and the 
the former case there is little counter pressure exerted‘ face of the mould. 
by the metal tending to drive the gas downward.| For this reason, also, sand of a close texture and ram- 
asker ramming may be done in the top of a mould | med hard requires more and closer venting than a free 
than in the bottom, because any pressure exerted there| and open sand. When. as in bedded-in moulds, the 
is relieved at once by the risers, while that in the bot-| vents are driven from the bottom face downward, the 
tom is constant. surface is always rubbed over with sand to close the 
At the sides of a mould, again, the ramming may be | openings of the vents. If thisis not done the metal gets 
harder than at the top or bottom, because the gas can | into the vents and chokes them up, producing a scab- 
escape readily. In any case, the harder the ramming, | bed, if not actually a waster casting. The distance be- 
the more complete should be the venting, and care | tween the termination of the vents and the face of the 
should be taken when ramming to punch the sand, not mould will depend altogether upon the nature of the 
the bars or lifters or rods. This would disturb and | work. 
crack the sand, and possibly cause it to fall out of the} The heavier the work, the greater the thickness of 
mould. Neither should the pattern be struck by the | intervening sand, because the pressure tending to force 
rammer, since that means undue compression of the! the air through is greater; but in very thin, light work 
stratum of sand in the immediate proximity, with a re- it is necessary to bring the vents close to the surface. 
sulting scab at that place. | Sand which is overdamped will require more venting 
The vent wire is another moulders’ tool of the first | than drier sand, because obviously there is more gas 
importance. Small vent wires of 14 in. or ,4 in. diame- | generated. For close and hard rammed sand, abundant 
ter are represented at B (Fig. 50); large ones of from | venting supplies in an artificial manner that freedom 
Since the latter are | of exit forthe gas which the sand itself, through its 
The connecting together of 
There is 


the size of the flat end piece by which the sand is|drive them through the sand, and hence they are/| the vents in a mould is done in several ways. 


unched may vary from | in. by 3¢ in. to3 in. by 1 in. provided with a cross handle. Only in the case of some | 
represents a modified form, A being capable of going | special work can venting be dispensed with, the excep: | 
into narrower spaces than B. For ramming between very | tions being, for the most part, loam and open sand 


the vent pipe, which connects the vents going down to 
the coke bed with the outside of the mould. 
There are the vents from the bottom of the drag in 
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MOULDERS’ 


harrow spaces, such as the teeth of small gear wheels, | 


and for small cores, a simple round rod of iron is often 

used. The bulk of the work is done with these pegging 

rammers, C being reserved for finishing off the sand 

to an approximately level face withithe face of the 

= or pattern, as the case may be, and for leveling 
8 


The flat rammer, D, represents the largest size used, 
ranging from 5 in. to 6 in. diameter, and is fitted 
with a wooden handle, the others having iron handles. 
It is used for going over the largest surfaces and for 
filling in the sand around boxes placed in foundry 


its. The handle is self-wedging, as shown at E; the. bl 


ole being tapered, the head of the wedge touching on 
the bottom of the hole drives the cleft handle outward, 
filling up the enlarged tapered space. On the proper 
use of the rammer depends in a large measure the suc- 
cessful issue of the work in hand. Ramming must 
be done wisely, with due regard to the character of the 
mould and the position of the section which is being 
rammed. . 

Molten metal always has a tendeney to fly off froma 
hard surface, because the gas generated from the moist- 
ure present cannot get away readily, but formsa cush- 
ton between the metal and the mould. Ina hard ram- 
med open sand mould which is not vented, the gases 
—— seen bubbling up through the iron, giving rise 
th — jets or fountains of metal. In a closed mould, 
a ubbling of the metal against a hard surface from 
oe the air cannot escape with sufficient rapidity 
I Ul break away thesand in patches, causing seabbing. 

0 chilled moulds, not properly dried and warmed, the 
metal will blow out. For this reason, a green sand 
mould should always be rammed only as hard as is ne- 
p ry to sustain the pressure of metal. The pres- 

ure of metal is always greatest on the bottom, and 





when the depth becomes very great, dry sand moulds 
are preferable for this reason. But with green sand 





turned-over moulds, which connect the vertical vents 
from the lower mould face with the outside of the flask. 
There are the vents from the upper mould face coming 
directly through the cope ; and lastly, the vents com- 
ing out at the joints of the flasks, and bringing off the 
air from the mould sides. In cases of the latter kind, 
though the vents or ‘“‘gutters” may be put in at 
random, there is, presuming no closing up of their 
openings takes place, acertainty that the air will strike 
through, because the mass of sand has already been 
honeycombed with the smaller vent wires, 

The trowel (Fig. 51) is a tool which is constantly in 
use, doing duty for a variety of purposes, and being 
earried, like the carpenter's rule, in the trousers’ pocket, 
ready for immediate service. In company with the 
moulder’s hands, it shares the shaping, mending, and 
finishing of moulds, and is just as serviceable as its 
namesake used by the mason and bricklayer. It is em- 
ployed for cutting, digging up, and loosening the sand 
in small masses ; for patching on portions which have 
become broken down; for smoothing and sleeking 
over the flat surfaces of moulds, and for smoothing 
down the blacking and plumbago whether used wet or 
dry; while the butt end of the handle is improvised 
for thrusting in nails used when mending up. The 
trowel even becomes a sort of rough gauge, for the 
moulder usually tests the closeness of the joint ofa 
pattern, or flask, or core by attempting to thrust in 
the blade of his trowel. 

If the blade passes in, the joint is open ; if not, there 
is not much the matter. Again, he marks the outsides 
of flasks with the trowel, chalking the sides of the 
flasks and drawing two or three lines from one across 
to the other, and when the flasks are finally closed for 
casting, the coincidence of the lines indicates coinci 
dence of the mould joint within. Again, for pressing 
down or * pinning” the joint edges of moulds, and so 
preventing crushing, the trowel is always used, as it 
is for scraping out core prints when too small for their 

K cores, and for cutting vent channels or gutters, making 
| good the joints of cores and drawbacks, and for a 
multitude of kindred uses. B (Fig. 51) shows the com- 
mon form of trowel, averaging about 5 in. in length. 
This is called the “square ” trowel, to distinguish it 
| fromthe ‘heart ” trowel, A. C illustrates a combina- 
tion trowel called the “heart and square,” which is 
used only as a touching-up and finishing tool, being 
} made in much smaller sizes than the other. 
| The remaining figures represent tools which are all 
used for cleaning, mending, sleeking, and finishing 
S> moulds. They are called by different names, though 
20cm their functions are essentially similar, the names being 
derived from the more especial uses to which they are 
applied, or to their fancied resemblance to common 
articles. Fig. 52 is the “cleaner,” a tool which ranks 
next after the trowel in point of general utility. Its 
moulds ; but all green and dry sand mouldsare vented. | long thin blade is used for cleaning and smoothing the 
The necessity for venting lies in the presence of air in| vertical faces of the deep and narrow portions of 
the mould and of gas generated by the decomposition of | moulds into which the trowel would not reach, for 
moisture in the sand. The amount of gas thus pro-| mending up similar sections where the fingers cannot 
duced would astonish any but a moulder or a chemist. | enter, for boring holes in moulds for chaplet stalks, 
So soon asa mould is poured, from every vent in the | and for core vents; while the turned-out foot, stand- 
top, bottom, and box joints issues the hydrogen, which, | ing at right angles with the end opposite, is used for 
when fired, burns in long lambent tongues of blue) lifting out sand which has fallen into the bottom of 
flame, and continues to burn for half an hour or an | deep narrow moulds, for mending up and making good 
hour, according tothe size of the mould. There is| damaged parts similarly situated, for pressing sand 
enough gas thus carried off quietly and safely to blow | around cores after they have been placed in their prints, 
up the mould a great many times, if that were desira-| and for many similar purposes besides. These cleaners 
e are made in widths of blade ranging from \ in. to 
The presence of a few blow holes in castings will| about 1¥ in. 
often cause them to be condemned, yet these are due! All the remaining tools (Fig. 53) are finishing tools 
to the confinement or entanglement of some extremely | Taking them in order, A is a square corner “ sleeker,” 
small portion of gas, some few ten-thousandths perhaps | or “‘ slicker,” or “‘slaker,” or “smoother,” and is used 
of that which has escaped through the vents. Hence| for sleeking the internal faces of moulds which stand 
the necessity for allowing full provision for the rapid| at right angles with each other. B is a tool of the 
and complete exit of the gases generated within the | same character, but having one face curved for sweeps. 
mould. Of course the vent wire is not the only means/|C is a head tool, used for sleeking the hollow impres- 
of venting employed. When large masses of sand, both | sions left by heads. D is a hollow head, by which the 
green and dry, have to be vented, itis usual to ram up| rounding edges of moulds are finished, or those edges 
a central portion of ashes as a reservoir for the air, | which become the “‘ hollows ” of the casting. A!I these 
which rushes off in large volumes. These ashes must | are made in several sizes, large and small, as conveni- 
not be too close to the faces of the mould, especially | ent. E is a spoon tool, the shapes of the bowls resem- 
where there is much liquid pressure, since the sand | bling those of spoons. They are handy for finishing 
would be apt to yield there, and produce lumpy cast- hollow work. The head tool, G, differs from the spoon 
ings. | tools in being narrow, parallel, and quicker in curve. 

In the case of many dry sand cores, ashes not only af- | It is used for cleaning and finishing heads in circular 
ford a good vent, but allow the core to yield to the and hollow work. F is a tool differing from the last in 
shrinkage of metal. Asto the manner of using the vent | having square edges, which sufficiently indicate its use. 
wire, there is no need that it should touch the pattern.| HI J are flange tools, being used for smoothing the 
The practice of moulders differs in this respect; some| bottom edges and sides of flanges and flange-like 
cover the pattern with pricker holes, while others, who| moulds. K K are boss tools, L is a button sleeker, M 
are more careful, searcely leave a mark thereon. Of|is a pipe sleeker, and N a modification of the latter. 
course, when the wire touches the pattern the vent has! All the tools in this group are made in different sizes, 
gone far enough ; but a careful moulder, ‘when the’ and some in modified forms, and all alike, either in irot 
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orin brass. They require to be kept clean, and free 
from rust and dirt. For special work other tools besides 
these are wade. The most convenient box in which to 
keep these small tools is a plain open one with a bridge 
of iron screwed across the top, by which to carry it 
from one part of the shop to another, as required.—Jn- 
dustries. 


DIETZSCH’S KILN FOR 
BURNING OF CEMENT, 
OTHER MATERIALS. 


IN the Dietzsch’s kiln it has been sought to combine 
the principle of the cone kiln with the advantages of 
the circular kiln, and instead of allowing the heat to 
circulate through the mass, to pass the material by the 
aid of gravitation through a canal kept at a constant 
high temperature. This is achieved by dividing the 
vertical shaft of the former horizontally into two parts 
and connecting the upper with the lower by a horizon 
tal channel, thus reproducing in a manner several 
chambers of the circular kiln; not in a horizontal plane, 
but vertically superimposed. The upper part of the 
lower shaft is retained at a clinkering tewperature by 
the addition of fuel, and all superincumbent weight on 
the clinkering cement is obviated, thus permitting it to 
descend by its own weight so soon as the decrease in 
volume, due to the completion of the calcining process, 
takes place. With this movement a disturbance of 
the mass ensues, and the incipient cooling, together 
with a slightly conical form of the shaft, tends to pre- 
vent adhesion. 

The annexed figure represents a double kiln, pro- 
duced by simply building two kilns back to back. he 
individual kiln consists of three essential parts, of 
which the two lower ones, C and D, lie in a different 
vertical plane from the upper one, A. A may be called 
the warming or preheating chamber, C the calcining 
chamber, and D a continuation of it, the cooling 
chamber. At E, are doors or openings for charging A 
with dried slurry. The covered calcining chamber, ©, 
is connected with A by means of the arched horizontal 
channel, B, and the cooling chamber, D, terminates 
with ordinary firebars, H, through which the air to 
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supply the whole system enters. 
is drawn at H, and the calcining chamber, C, as the 
central point of the system, is the one where the main 
operation of burning is carried out, where the cement 
becomes soft and plastic. alters its form. and eventually 
welds into larger or smaller blocks and inclines to ad- 
here to the walls of the furnace. This part is there- 
fore arranged in such a manner that it is accessible 
from all directions, by means of small openings, G, for 
the removal when necessary of adhering lumps. 

In order to put the kiln into operation, A is filled 
with dried slurry, D with clinker, and C with alternate 
layers of dried stuff and coal or coke. After the fuel is 
fired, the heat escaping from C strikes through the di- 
rect slurry lying on B and in A, and is almost totally 
absorbed, only sufficient passing to keep up the requis- 
ite draught in the chimney-like continuation of A. As 
soon as the cement is sufficiently calcined in C a quan- 
tity of clinker is drawn at the bars, causing the whole 
mass in C and D to sink. Thereupon fuel is introduced 
through the furnace doors, F, and preheated slurry is, 
with the aid of flat shovels, turned over from B into 
©, the fuel and dried mass being placed in layers until 
C is filled again. This operation is repeated at inter- 
vals of half or three quarters of an hour, and the burn- 
ing proceeds continuously without further interruption 
than may be caused by the adhesion of clinker to the 
sides of the furnace 

It is apparent from this description that the fuel is 
utilized to its utmost extent, for the cold air entering 
at the firebars, coming into contact with the hot de- 
scending clinker, becomes gradually heated to a white 
heat before reaching the fuel, thus producing a com- 
bustion akin in intensity to that of the regenerative 
furnace. It is, however, not completed at this point, 
but the mixed products of combustion, which eutail 
such an enormous loss of available heat in the ordinary 
kilns, here strike the dried mass lying at B, and which 
at this point is in a state of bright cherry redness and 
incipient fusion, and are completely burnt. 
tem of burning cement, lime, etc., therefore offers a 
double advantage to most previous systems—first, in 
the complete utilization of the fuel, combined with a 
minimum loss of heat, since the unavoidable radiation 
is restricted to one part of the kiln; secondly, because 
the mass to be burnt remains for the shortest possible 
time at the point of greatest heat, the critical period 


The tinished clinker | 


This syYS- I 


| where over or under calcination so easily takes place. 


| The amount of fuel required for each of the three princi- 


pal systems in use for cement burning is approximately, 
| per ton of clinker: 


| 
| For the open or chamber kiln.. 


22 to 28¢ of coke, or 445 
to 64¢ ewt. 
* Hoffman type 17 to 18°5¢ coke, or 345 
cwt. 
“ i... 10 to 16¢ of small coal, 
or 2 to 3 ewt. 


Dietzsch 


| Or, roughly, by to 4y of the weight of a cheaper and 
| cleaner fuel.—Jour. Soc. Chem. Industry. 


WOOL BLEACHING WITH HYDROGEN 
PEROXIDE. 


THE commercial peroxide contains barium phosphate 
and small quautities of other impurities which aid in 
the bleach and give better results than the chemically 
pure peroxide. The bleaching is done cold and in an 
ordinary wooden tub, which must not be warmed, but 
also must not be allowed to freeze in winter. The 
best results are naturally reached with the whitest 
wools. The commercial peroxide can be used undi- 
luted, but it is better to add five to six volumes of good 
water; also add a small quantity of ammonia, until 
the liquid is faintly alkaline to litmus. 
must not be pressed down in the bath, but must move 
freely toand fro. According to the quality of the wool, 
and the degree of whiteness required, the wool should 

| remain from six to ten hours in the bath with frequent 
stirring. With very white wool, in small portions and 
a strong bath, one to two hours will suffice. After the 
wool has been well freed from the liquid, it should be 
placed in direct sunlight. The slower the drying the 
more perfect the white, and, therefore, on warm days 
the layer of wool should be thicker. In rainy weather, 
when artificial heat is used, the temperature of the 
dry room must be kept as low as possible. 

In bleaching with hydrogen peroxide, the coloring 
watter is actually destroyed, so that there is no danger 
of a return of the yellow color, as always happens in 
goods bleached with sulphurous acid. The wool 
| bleached with hydrogen peroxide, however, possesses 

a faint yellow tinge, and, therefore, must be faintly 
blued with methyl violet to give a perfect white. 
If the peroxide is used strong, the blue must be applied 
in a separate bath ; if dilute, the color can be added to 
the bleaching bath. The bleaching bath can be used 
an indefinite number of times, but the strength must 
be brought up with the peroxide and a little ammonia 
added occasionally. 
each portion of wool. The loss of the bleaching liquor 
is avoided by allowing the drip from the wool to run 
back into the tub, and the liquor from the centrifugal 
is also returned. The peroxide must be protected from 
light and the air when notin use. (The cost of bleach- 
ing is higher than with sulphurous acid, but the re- 
sults are far better.—L. M. N.)—Chemiker Zeitung ; 
Textile Record. 

NEW DIRECT PLATINOTYPE PROCESS. 

IN SUPPLEMENT, No. 629, we gave particulars of a 
new platinotype process by Capt. Pizzighelli, in which 
|a ferric oxalate solution was mentioned. The process 

has been somewhat further improved by substituting 
| for the troublesome ferric oxalate a sodium ferric 
| oxalate (a double oxalate of sodium and iron). In the 
Photo. News we tind the following interesting details : 

Of the double salts experimented with, the sodium- 
ferric oxalate proved the most satisfactory, the corre- 
eg potassium salt giving less sensitiveness ; while 

the ammonium salt, although giving greater sensitive- 
ness, gives less brilliant images than the sodium salt, 
and, moreover, images having a tendency to a cold, 
bluish tone. Still, for very hard negatives, and in the 





may, perhaps, occasionally be used with advantage. 





methods give results which are nearly identical : 

First METHOD. 

| Arrowroot paste is prepared with one part of arrow- 
root and ten parts of water, and when this is cold, it 
is applied to the paper with a sponge—one sheet re- 
quiring from fifteen to twenty gramwes of the paste. 
When the paste has been well distributed with the 
sponge, it is equalized and smoothed with a badger 
| softener, and the sheet is hung up to dry. After the 


| drying the process is repeated, and the sheet is again | 
Coating it smoothly, a sheet takes about tive | 


dried. 
iminutes, The arrowroot paper can be stored for use 
in a dry place when it is sensitized with a preparation 
| made in the manuer about to be described. 

Four solutions are required—A, B, C, and D. 


1 part. 


A.—Chloroplatinite of potassium. ... 
hae nnabwne 6 parts. 


| Distilled water 


B..—Sodium-ferric oxalate. .......... 

| Sodium oxalate solution (3 per 
° cent.).. : 

GN eid Soceeccs a dvedancway 


40 parts. 


In preparing the solution B, the sodium oxalate solu- 
tion is warmed to about 40° or 50° C., and then the 
sodium-ferric oxalate is dissolved in it. On cooling a 
little saline matter separates, so filtration is necessary. 


C.—Solution B. 100 parts. 
0°4 part. 


Potassium chlorate..... 
D.—Mercurie chloride solution (5 per 
COmt.)...... 
Sodium oxalat 
cent.) 
Glycerine........... 1°8 part. 
For sensitizing a sheet (demy size) when black tones 
are desirable, we must take : 
Solution A 


Solution B. 
Solution C 


e solution (3 per 
eer ee 


.. 5eubie centimeters. 
6 rr 


For hard negatives the quantity of solution C must 


be diminished, and B must be increased to the same 
extent ; whereas for specially soft negatives the reverse 


holds good. 


| * The addition of glycerine to this and the following solutions is only 
necessary in very dry weather, 


The wool | 


The methyl! violet is added with | 


reproduction of pencil drawings, the ammonium salt | 


In the preparation of the sensitive paper cousider- | 
able variation is allowable, and the following three | 


For brown images the following is used : 


OS eee ee 
Solution C... 
Solution D........... 4 


The above sensitizing solution gives a sepia brown 
tone, and intermediate — ean be obtained by jp. 
creasing the proportion of C and correspondi; 
diminishing D. pondingly 

The application of the sensitizing solution to the 
paper is effected by means of a suitable brush (not tin 
mounted) followed by the use of the softener, as before 
The sheet is then dried at about 30° or 40° C. ; 


| 
: cubic centimeters, 


“e “ 


SECOND METHOD. 


In this method, the sodium oxalate—in fact, the 
developing agent—is not added to the iron solution 
but mixed with the arrowroot used for sizing ; and the 
arrowroot paste used has the following comrosition : 


Arrowroot 
Sodium oxalate solution containing 3 
per cent... 


The method of coating the paper with the starch 
paste is the same as already described. 

Sensitizing the Paper.—The solutions A, B, C, and 
|D used have the same composition as in the case of 
the first method, only the iron solution B is made up 
with water instead of with ferrous oxalate solution. 

In order to prevent mistake, the series is given 
below as As, Bs, Cs, and D, : 


A:. 


2 parts. 


1 part. 


—Potassium chloroplatinite. . 
ee 6 parts. 


Distilled water......... 


».—Sodium ferric oxalate 
Distilled water 


».—Iron solution Bz ... 100 parts. 
Potassium chlorate — 
.—Mercuric chloride solution (3 per 

cent.)... 


eye eee 4 
Sodium oxalate solution (3 per 


The yveneral directions as to the series A, B, C, and 
D, apply equally to the preparation and use of the 
series Az, Ba, C., and Ds. 


THIRD METHOD. 


This method is a simplification, as the sizing of the 
paper is not a separate operation, the thickening mate- 
| rial being mixed with the sensitizing preparation. For 
|this method, four solutions, which are designated A,, 
| B;, Cs, and Ds, must be prepared, and the composition 

of these solutions is as follows : 





| 


1 part, 


A;.—Potassium chloroplatinite 
‘ 6 parts. 


Distilled water.......... 


B;.—Sodium ferric oxalate. 
Powdered gum arabic. ........ 
Solution of sodium oxalate (3 per 

| Sr happy es ~— 
Glycerine .. i: 


40 parts. 
40 * 





To prepare B;. the sodium oxalate solution is first 
| heated to 40° or 50° Centigrade, when the iron salt and 
glycerine are stirred in. After the formeris completely 
dissolved, the solution is transferred to a mortar, when 
the gum is gradually added, and thoroughly inecorpo- 
rated. This being done, the mixture is allowed to 
stand at rest for some hours in order that small agglom- 
erations of gum may thoroughly dissolve, after which 
|the whole is again incorporated, and then squeezed 
through a cloth. 


C;.—Iron and gum solution, Bz 


100 parts. 
Potassium chlorate ae 


' 
D,.—Mereurie chloride solution (5 per 
Ws anc. nob omen cake Secguns 
Sodium oxalate solution (3 per 
ds: «6 cnctctties ccdgenen sees 
Powdered gum arabic... 
Glycerine.... 


20 parts. 


Solution D, is mixed in a similar way to that recom- 
mended in the case of Bs. 

The proportion in which As, B,, Cs, and D, are to be 
mixed for use are analogous to those of the first method; 
and the following may be mentioned as suitable for 
black images under ordinary conditions : 

A;.—Platinum solution cesucta. oh 


B;.—Iron and gum solution.......... 
C;.—Gum and chlorate solution 


c. cm. 
“ 


When, however, sepia brown images are required, 
the following may be used : 


5eem. 
4 


The application of the mixture is made with the 
brush according to the instructions already given. and 
during the application numerous small bubbles are 
| formed ; but these can be disregarded, as they disap- 
pear completely when the coating is smoothed with the 
badger softener. The gum layer dries with a slight 
| goes, but no special precautions are necessary 

rying. 
| It should be mentioned that the third method 
| appears to be, on the whole, the most convenient, an 

the most worthy of recommendation. 

After drying, the paper should be preserved in the 
| chloride of calcium box, but the paper prepared as now 
| recommended seems to be far less prone to alteration 
than that prepared by the older methods, as specimens 
kept for ten days without any special precautions gave 
results quite as good as those obtained on paper W ich 
had been kept in the chloride of calcium box. __ 

Nothing very special is to be said about the printing, 
except the action of light must go on unti)] the image 
shows the intensity it should have when finished—i? 
short, there should be no over-printing. 

The printing being finished, the paper is immersed 
in the following : 


| 
| 


1 volume. 
80 volumes. 


This solution is changed two or three times--iD fact, 
until it shows uo further trace of yellow color—aftet 


| Hydrochloric acid 
Ordinary water... 
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which there is nothing to be done but to wash the 
platinetype print in water, and to dry. , 

Under-printed images may be developed in a eold 
solution of sodium or potassium oxalate ; and, in con- 
einsion, it should be mentioned that the iron salt in the 
solid form, as also its solution and the mercuric solu- 
ttion, should be kept in the dark. 





TWO PUZZLES. 

Three Circles that Intersect at Right Angles.—Take 
three disks of equal size formed of some material easy 
to saw, and, with a saw of the same thickness as the 
disks, make incisions in the latter such as are shown in 
the engravings (Fig. 1). : 

First, assemble disks 2 and 3 by placing the part B of 
3 upon the part B’ of 2. This gives two circles that in- 
tersect at right angles. Next, take disk 1 and place the 
jart A of it upon the part A’ of 2, and the three disks 
will be in place. : 

In order to separate them, it is necessary to take off 
the last disk that was put in place. But, as all the 
disks have the same appearance, it is difficult to do this. 





Fra. 1. 


It ean be effected only by trying all the combinations 
possible. After one of the disks has been removed, the 
separation of the two others is easy enough. 

The Accommodating Plug.—Having three apertures, 
round, square, and triangular, of the same diameter 
(say one inch) formed in wood, metal, or any other 
material, how shall we make one plug that shall be ca- 
pable of passing into each of the apertures, so as to 
close it accurately ? No. 2 (Fig. 2) shows the form to be 
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given to the plug. It is obtained by making a cylinder 

one inch in diameter and one inch in length, and cut- 

ting off the dotted portions, AE D and B E D (No. 3). 

The round aperture will be closed by the circumference 

whose diameter is A B, the square one by the part D 

G, and the triangular one by the part A B C.—La 
ature. 


THE UNIVERSAL EXHIBITION AT BARCELONA 
IN 1888. 


A UNIVERSAL exhibition of agriculture, the indus- 
tries. and the fine arts in all their manifestations, to 
which the product of every country will be admitted, 
is to be opened at Barcelona on the 8th of April, 1888. 

This project of an international exhibition has been 
agitated for several years, but it has always been put 
off until the coming year. Two years ago, however, a 
committee on organization went to work, but as the 
official aid of the government was at first lacking, 
great difficulties were experienced, and things pro- 
ceeded but slowly. 

In the early part of 1887, the Spanish government, 
actuated by publie opinion, granted a subsidy of four 
hundred thousand dollars to this work, which interests 
the whole of Spain, and especially Catalonia, the most 
industrial of her provinces. Moreover, the Queen Re- 
gent bestowed her gracious patronage upon the exhi- 
bition, and all the states of Europe and America were 
officially asked to co-operate. 

As Spain is principally a consumer, and Barcelona 
an excellent market for French products, despite Ger- 
man and Italian competition, of which the efforts on 
this point are considerable, there is no doubt that the 

rench government will accord to our exhibitors at 
Barcelona that official aid that it has not refused them 
at other exhibitions that have been less advantageous 
for our commerce. 

To day, it is under the municipal council of Barce- 
lona (the mayor is the president of the exhibition) and 
under the auspices of the Spanish government and the 
councils-general of the nation that work on the exhibi- 
tion is being actively pushed forward. We borrow 
most of the data here given as to the principal build- 
ings of the exhibition from a memoir published in 1887 
by the director-general of construction. 

he general plan (Fig. 1) shows that the place set 
apart for the various structures has quite an irregular 
It ineloses within its cireumference not only 
the park and gardens of the old citadel, but also vari- 
ous grounds belonging either to the city or to private 
les, as well as the Paseo de Carlos, which is con- 
pomed with the rest of the exhibition by a metallic 
ridge that allows of the crossing of the Pueblo prome- 
Made and the Tarragon-Barcelona-France railway 
on. The area thus obtained is 540,000 square 
yards, of which about 120,000 will be under cover. 
Thé main buildings are so placed and constructed 





that they may be preserved after the exhibition is over. 
The palace of pong which is fan-shaped, occupies 
the back of the park, having on one side the palace of 
arts and various pavilions designed for the pro- 
ducts of the Spanish section, and on the other the 
ow of sciences, the machinery hall, metallurgical 
all, ete. The park is a magnificent garden, contain- 
ing a lake, cascades, chalets, and beautiful exotic 
plants. . 

The most important building is the palace of indus- 
try (Fig. 2), which consists of a series of twelve rectan- 
gular structures, 68 feet in width by 328 in length, ar- 
ranged normally to a semi-circumference of a diameter 
equal to 550 feet, alternating witb ten triangular struc- 
tures of 78 feet base. In the axis of this semicircle 
there is a large hall, 112 feet in width by 394 feet in 
length, connected by four galleries with the other parts 
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[Mopern Lieut anv Heat.) 
THE NECESSITY FOR A PATENT SYSTEM, 
AND THE APVANTAGES TO BE DERIVED 
THEREFROM. 


Wuart is the value toa nation of a patent system ? 
To answer this question it is necessary to understand 
what a patent system is—upon what system is it 
based 


? 

A patent is a grant in the nature of a contract between 
the nation on the one hand, acting through its proper 
officers, and the inventor on the other. In the issue of 
every valid pes there is a distinct bargain made— 
a bargain which gives to each party something it did 
not have before. It is not a gift by the nation to one 
man for which he does not make a return, nor does it 
deprive any man of any right which he had before the 














42 tp WM, 
a DE 
7 SGT) 






SSN 


- 


CLL 
ROCER DE FLOR 7 












nanan 


Att ptt ttt VME’ RL IYO 
PKL ZD%* BRL & LEZ 


| 
1S bated Gal Bad PH ey 
bated Goes) aaa A 























Y ft masaareases,) 





amesussoe see) i aos 


YYW CUZ 22 SN 
YY, 
IW 


yy Sor 
A UY Yy Gps o ke samen ae 
WY \YY Yj Y XYZ G 
MUMMY MX >». 


4, Y 
Yi a 









N 
\ 









Fie. 1.—PLAN OF THE BARCELONA EXHIBITION. 


of the edifice. The two main entrances have a monu-| 
mental character and correspond to the central hall. 

An annular gallery direetly surrounds the entire edi- 
fice, and a concentric gallery furnishes a direct com- | 
munication with the semicircular place which forms | 
the centerof the palace. The total area occupied by 
this edifice is 60,000 square yards. 

The palace of fine arts stands in the first rank among 


the other structures. It has the form of a vast rect-_| it, 


angle 325 feet in length by 160 in width, say an area | 
of 6,000 square yards. In the center is the grand con- | 
cert hall, with double galleries 33 feet in width. As 
this palace is to be preserved after the exhibition, it is 
built of brick and iron. 

The machinery hall, which holds so important a 
place in all exhibitions, and which, so to speak, has an 
independent existence, is wholly of iron with the ex- 
ception of the base and the lateral] partitions. which 
are of brick. It has the form of a rectangle, 485 feet in 
length and 196 feet in width, divided into three naves. 
The central part has a span of 78 feet, while the two later- 
al naves have each 59 feet. The total area of the gallery 
is therefore 10,800 square yards, in addition to which 
there is a space of 4,800 square yards reserved for steam 
generators and various apparatus designed for special 
purposes. 

Finally, we may mention the palace of sciences, the 
pavilion of agriculture, ete., as well as an elegant 
structure in the Moorish style, which is to serve as a 
cafe-restaurant. 

Although the work of constructing all these edifices 
has recently been pushed forward with the greatest 
activity, it is hardly probable that the whole will be 
finished in the time desired for the formal opening of 
the exhibition, which the Queen has promised to do 
on the 8th of next April. 

The length of time that the exhibition is to last has 
been fixed provisionally at six months, but it may possi- 
bly be extended to eight or ten. 

The price of the spaces that exhibits will occupy has 





been fixed at $10 per superficial yard. In the central 
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Fie. 2.—PALACE 


galleries, this price will be increased 25 per cent., while 
for every machine in motion there will be a reduction 
of 10 per cent. 

Exhibitors who will need motive power will have to 
give orders for it three months previous to the opening 
of the exhibition. This power will be furnished them 
according to a special tariff. 

For space in the agricultural annexes, as well as in 
those devoted to maritime affairs, fisheries and pisci- 
culture, the price will be $6 per superficial yard, and $2 
for spaces in the open air. 

The official participation of the majority of the 
states of Europe has already been promi so we 
hope that French exhibitors will not fail in this great 
festival of labor, industry, and art that is to be held 
at the capital of Catalonia, in the chief commercial 
port of Spain.—Le Genie Civil. 








patent was granted. It is the outgrowth of the desire 
on the part of the nation to create and protect property, 
or, as the Constitution states it, ‘to promote the pro- 
gress of the useful arts.” 

Nothing more truly belongs to a man than his un- 
expressed idea, When he embodies that idea in some 
material shape so that it becomes useful, for example, 
when he builds his new machine, unless he can patent 
it, its peculiarities will be copied by others, and he 
will derive no exclusive benefit from them. If the 
machine be stolen, the thief, when captured, is punish- 
ed asa criminal. If the machine be seen. and the idea 
which gives to the machine its especial valne be ap- 
propriated, in the absence of a patent, the inventor, 
the owner of the idea, has no remedy unless a distinct 
breach of trust can be proved. In the absence of a 
patent law, the idea, when put into useful form, is as 
much at the service of one man as of another. If it 
serves to shorten the inventor's hours of labor, it serves 
to shorten those of his competitor as well. 

Under such circumstances, therefore, it is of no 
pecuniary advantage to a man to invent anything un- 
ess in one of those rare cases in which the new ma- 
chine or process can be worked as a business in secret 
and the inventor can derive a reasonable income from 
its product, and even then the owner is liable to have 
his secret betrayed through the carelessness of some 
irresponsible employe. An English manufacturer has 
said that he was not sure that one pot of beer would 
disclose a secret process, but he knew that two pots 
would. An advantage over a competitor which is 
maintained at the price of two pots of beer certainly is 
not worth consideration. It would afford but slight 
security for any investment. 

Probably one of the most profitable and, at the 
same time, one of the most useful inventions ever 
made is the Bessemer process for making steel. Mr. 
Bessemer, on being asked what he would have done 
with his process if there had been no patent system, is 
said to have replied, ‘1 never would have spent an 
hour of my time nor a dollar of my money on it.” 
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OF INDUSTRY. 


“Would you not have worked it in secret?” ‘‘ How 
could I work in secret an invention requiring a plant 
eosting a million and requiring a great many hundred 
men to run it ?” 

Without a patent system of some kind there is no 
adequate protection to property in inventions. The 
inventor can neither raise money on his invention to 
perfect it, nor, when perfected, will it benefit him any 
more than it will those of his competitors who have 
seen it, and so far, therefore, as obtaining any advan- 
tage over his competitors is concerned, and so increas- 
ing his income, his time and money have been wasted. 
Under such circumstances the existence of inventors as 
a class is discouraged. 

That persons competent to judge have so agreed is 
shown in one instance by the remarks of Mr. Edward 
Bally, addressed to Swiss manufacturers. Mr. Bally, 
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of which they are composed, are made. The result is 
an enormous crop of corn and grain of various kinds 
produced at a cost which would have been deemed | 
incredible a hundred years ago. To the invention of 
improved agricultural implements, the cotton gin, | 
which tended by one man does a thousand men’s work, 
the baling presses, the hoops and ties and the various 
means for spinning and weaving, and also means of 
transportation by steam, is due the fact that cotton | 
cloth can be sold for less than four cents a yard. 

Probably in nothing has there been such an advance | 
as in electricity. Thirteen years ago there was no 
such thing known as a telephone; and although an 
electric light existed at that time, and the principle | 
upon which it operated was understood, there was no} 

jlamp in existence which could be used commercially. | 
|The lambs then known were so delicately organized | 
that although they conld be used practicaily by | 
scientific men, they were very expensive and little| 
more than scientitic toys. The existence of the tele- 
phone has made necessary various apparatus, batteries, | 
call bells, wires and cables, exchange systems, etce., | 
which would never have existed, had it not been possi- | 
ble to protect them in some way so that the inventor | 
could realize upon them. If they yield what seems to | 
be a large profit to the owner, it ust be remembered 
what they have done for the business man ; how much 
time and money they have saved. Business was done 
without them for many years, and unless they had 
proved themselves an important part of business furni- | 
ture they would not now be used to any extent. The 
last report of the American Bell Telephone Company 
shows that there are in existence 736 exchanges, with 
1128.231 miles of wire, serving 147,068 subscribers, and | 
requiring in- all 353,518 telephones. The average in-| 
crease a year in telephones used is about 25,000. The 
estimated average number of exchange connections a 
day in the United States is 856,454, or total a year of 
112,605,710. The amount of money invested in this 
business is said to be not far from $50,000,000. 

A well known electrician has declared that the lamp 
described in the patent to Mr. Brush, dated May 7, 
i878, is the first lamp, so tar as he knows, * which was 
sufficiently simple in its construction and certain in its 
operation to admit of extensive popular use.” There 
are said to be 200,000 are lights now in use, and over 
600,000 incandescent lights. Within: five years the 
Edison system has been established, and there are now 
600,000 Edison lamps in use. In the eleetric light busi- 
ness the problem is not solved when a good lamp is 
invented : there must still be an efficient, well regulat- 
ing dynamo operated. by a steady steam engine to fur- 
nish the electricity, systems of circuits whereby the elec- 
tricity can be furnished to users when desired, and the 
current must be used in such a way as to not cause fire. 

There are some $64,000,000 invested in the capital, 
stock of companies furnishing electric lights. When | 
it is borne in mind that the existence of these com- | 
panies requires the constant produetion of materials | 
and apparatus for their use, and the emphyment of 
many thousand operatives, the importance of this new | 
industry will be appreciated to some extent, and it| 
may be fairly said to be the outgrowth of a patent 
system. 

There are to-day some twenty electric railways in 
practical operatiou. The storage of electricity has 
become practicable, and while these generic advances 
have been going on, there has been a constant improve- 
ment in telegraphic facilities, and also a more frequent 
application of electricity for gas lighting and other 
purposes in houses as one of the modern improvements 
required by builders. The amount of money invested 
in the business of furnishing general electric supplies | 
and apparatus, and in the supplying of instruments 
and electricity for the daily use of the business world, 
must be enormous, and it is safe to say that very few of 
the thousands of inventions which have made possible 
the present commercial use ,of electricity would have 
been made unless the inventor had been able to ac- 
quire a patent from the government which could be 
used as a commodity, in the first instance for the 
benefit of the inventor. 

There is no necessity for calling attention by means 
of statistics to the aap this country in the manu- 
facturing world. Nor can there be any doubt in the 
mind of the careful observer that its position is largely 
due to its inventors. If an invention cannot be pro- | 
tected in such a way that fora time the grant which | 
protects it may become an article of commerce, can it 
be said that there is any real inducement for its exist- | 
ence ; and if the system which protects such property 
should be set aside, could we hope for any such rapid 
advance in the future as will keep us in advance of | 
other countries ? Rather should it and the machinery | 
by which the grant is issued be fostered so that the| 
patent ay mean more and be worth more rather than 
less. | 

The Patent Office has paid a handsome profit for| 
many years into the treasury, by reason of the fees | 
received from applicants for pateuts—such is the testi- | 
mony of inventors themselves to the value of the sys- 
tem ; and yet the Patent Office is in many ways contin- 
ually hampered for want of a sufficient appropriation 
quired an additional outlay of $5,000 a week or $260,000 to do the work which ought to be done by means of 
a year for type alone, to say nothing of cost of the a competent and practically permanent body of | 
presses, rent, and additional workmen. Notwithstand- officials. The proper performance of the duties of an 
ing this enormous saving to one paper alone in a year, examiner in the Patent Office requires men trained not 
Hoe’s fourteen years’ profits were only $248,000. only by their general education, but by experience. | 

Henry Waterman drew flat wire lengthwise The longer the experience, the better the work. But} 
from the fire through the liquid used in tempering| men cannot afford to hold the position for any great | 

steel instead of coiling the wire first and placing it | length of time when they can earn three or four times 
ina bath of peculiar construction. He reduced the| the salary elsewhere. 

cost from $3 to 3 a pound. His profits were! As individuals we are not philanthropic to the ex- | 
$83. 000. | tent of sowing that others may reap. As a nation we 

The inventor of the copper-toed shoe is said to have| are financially strong because of the thrift of the in- | 
saved the country from six to twelve millions a year. | dividual, and to keep our place we must perfect all 
He made substantially nothing out of the original | those means by which the individual is enabled to be 
term of his patent, and was obliged to apply for an ex-| thrifty. Our patent system is one of those means, and 
tension, which, being granted him, he was thereby en | the endeavor of those who have the making of our laws 
abled to make $67,000 by the sale of his rights. should be if possible to make the patent law a more 

The amount of money which an inventor or manu-| perfect protector of property, and thereby encourage 
facturer of av invention is enabled to make may be/|its creation rather than to destroy the system and so 
large, but it should be considered in relation to the| throw down one of the main causes of our country’s 
benefit of the invention to the community. | wealth. GEORGE O. G. COALE. 

The effect of inventions is shown on every side. | 
From the necessities of life to its luxuries 


at that time the largest manufacturer of boots and 
shoes in Europe, was sent to this country as one of 
the commissioners representing Switzerland at the 
Centennial Exposition. Switzerland had no patent 
system. Her people have always had a reputation for 
ingenuity; they are intelligent and naturally good 
mechanics, as their standing as watchmakers show, yet 
Mr. Bally found that with an establishment fully 
stocked with American machinery, set up by American 
mechanics, shoes made in Massachusetts were sold 
alongside his factory at a price less than it cost him to} 
produce them. 

The advance in improved machinery in this country 
was so rapid that he could not keep up with it, and 
the only remedy which he could propose for the lack 
of inventive activity of the Swiss was the introduction 
of a patent system. 

He says: * All our production is, more or less, a sim- 
ple copy. The inventor has no profit to expect from 
his invention, no matter how useful it may be. On 
the contrary, each one has the right, with us, to ap- 
propriate to himself an invention, to copy it, to the 
great injury of the inventor. It is evident that this 
absolute want of protection will never awaken in a 
people the spirit of invention, but, on the contrary, 
accustoms them to copy more and more that which 
belongs to their neighbors, and that is not to the honor 
of our country.” 

He advised the adoption of a patent system, and 
since that time Switzerland has followed this advice, 
and has now a patent system of her own, 

Mr. Favre-Perret, another commissioner, on his re 
turn from Philadelphia, spoke with great anxiety of 
the future of watehmaking, the important industry of 
Switzerland. He found that an American operator, 
by means of his machinery, could make 150 watches a 
year, while a Swiss could make only forty 

The evidence of these competent manufacturers, who 
had had practical experience in almost the only coun 
try where a patent system in some form did not 
exist, and the subsequent action of the legislators of 
that country go to show that the absence of a patent 
law believed by the to have interfered ma 
terially with the commercial prosperity of their coun- 
try 
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The compensation is the exclusive right to practice 
the invention in public for a short term of years. The 
consideration is the disclosure to the public of some- 
thing which was not known before 

It is interesting to note here that more than 374,000 
patents have been granted in this country up to 
December 1, 1887, for inventions which the Patent 
Office has declared to be new and useful; and that 
while in the year 1887 but 436 patents were issued, the 
number is now inereasing at the rate of about 25,000 a 
vear, while over 35,000 applications for patents are 
filed annually. 

The ereation of one particular invention stimulates 
other inventors to improve upon it, thereby starting an 
active competition. Thisis very noticeable in looking 
over the patent reports. An inventor will patent a 
radically new machine, and within a short time a large 
number of inventors will receive patents for improve- 
ments on the same class of machines, as though each 
inventor were trying to outbid the other for popular 
favor. The result the creation of numberless im 
provements of greater or less value, but all tending to 
advance the machine to a point nearer perfection. 

These new things do not benefit either the inventor 
or the manufacturer alone. The instance cited by Mr. 
Bally of his failure to compete in Switzerland with 
shoes imported from Massachusetts shows that the user 
of the article is a large gainer. These Swiss people, by 
reason of the numberless and constant improvements 
which were being made in this country under the 
stimulus of the patent law, were enabled to buy shoes 
cheaper than they could otherwise have bought them. 
Necessity, said to be the mother of invention, could 
not excite the inventive faculty of the Swiss so that it 
could compete with that of the American stimulated 
by a ready market for his invention. 

This is not an isolated case of a saving to the con- 
sumer by the of invention. That saving 
moreover is generaily out of all proportion to the bene- 
fit which comes to the inventor. 

It is said that the improvements of Hoe, in printing 
presses, enabled a certain newspaper which had been 
printing an edition of 20,000 copies to print in 44 
hours 115,000 to 130,000 copies as its daily edition. To 
have done the same work with additional presses of 
the Napier pattern, previously in use, would have re 
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scarcely anything which does not owe its existence to Styptic colloid (as introduced by Dr. Richardson) 
invention directly or remotely. Agricultural imple-|is a saturated solution of tannic acid and gun-cotton 
ments are constantly being improved, so also the pro- | in absolute alcohol and pure ether, with the addition of 
cesses and machinery by which they, and the material a small quantity of tincture of benzoin. 
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(Continued from SuPPLEMENT, No. 635, page sve) ‘ 
THE CHEMISTRY OF SUBSTANCES TAKING 
PART IN PUTREFACTION AND ANTISEPSig« 


By JoHn M. THomson, F.R.S.E., See. C.S., D 
strator of Chemistry, King’s College, London, 


II. 


HAVING considered in my last lecture some of the 
more general questions relating to the chemica! changes 
going on during the process of fermentation, | pass to 
the consideration of the special chemical properties 
of some of the more important compounds formed in 
such changes. 

I would remind you that these compounds may be 
roughly divided into two classes ; the first containin 
the more complicated bodies, such as the alkaloids oul 
ammonia derivatives, the second the farther and less 
cowplicated substances into which the bodies of the 
tirst class may be converted, as carbon dioxide, am. 
monia, water, and certain of the elementary gases. 

It is not easy to illustrate to an audience such decom- 
positions satisfactorily or rapidly, but a certain anal- 
ogy may be drawn from the decomposition, or * de 
structive distillation,” of coal, which, on the application 
of heat in a vessel from which air is excluded, yields an 
On the table you 
have an arrangement showing the distillation in opera. 
tion. The coal is placed in a glass retort, which is 
sarefully heated with the flame of a gauze burner. The 
tar and ammoniacal liquor are condensed in a globular 
flask attached to the retort ; while the carbon dioxide 
and hydric sulphide produced may be recognized by 
placing a little lime water and some solution of lead 
acetate in two U-shaped tubes attached to the globular 
receiver. The inflammable gases are collected in a bell 
jar, into which they are led by a delivery tube from 
the tubes containing the lime water and lead solution, 
This experiment shows us certainly but a very few of 
the products derived from the decomposition of coal; 
but when we examine the diagram on the screen whieh 
contains the more important of these products, it ig 
evident that the distillation of such a substance gives 
us a very fair instance of a change such as takes place 
in the putrefactive decomposition of a substance. 

The more important substances produced in this 
decomposition may be arranged in the following 
groups : 


Products from the Destructive Distillation of Coal. 


Solids, 
Naphthaline... © 
Anthracine. ... Oat, 
Paraffin. ....... Cygligg 
GE icwesses oo & 


Aniline. ..... .. OH, N. 
i C,H,N. 


Gases, 
Hydrogen 
Marsh gas.. 
Olefiant gas.. 
Acetylene . 


Liquids. 

toad Cit 
»» OBa. 
Cell. 
. Cys. 


so0 Ms 
NHy. 


Benzene. ....... (gHg. 
Tolaene........ C;H,. 


Nitrogen 
Ammonia. 


Carbonic oxide... CO. cones 
Carbon dioxide... COg. Acetic acid .... C,H 
Carbolic acid. . C,H,0. 


Hydric sulphide.. H,S. Carbon disulphide.. CS,. 


In putrefactive changes taking place in animal mat- 
ter, we find certain substances produced which are not 
contained in the products of vegetable decay. This, as 
is well known, arises from the presence of phosphorus 
in animal bodies, which, on the decomposition of the 
material, unites with hydrogen, and yields a gaseous 
product, phosphureted hydrogen or phosphine, PHs. 
Nitrogen being also an invariable constituent of animal 
substances, the formation of ammonia is always ob- 
served in the decomposition of such matter. This you 
will see by the distillation before you of some chips of 
horn or shreds of bladder, when, as you perceive, the 
gas derived from the distillation rapidly changes the 
red litmus in the receiver to a blue color, and the yel- 
low turmeric to a deep brown. 

The farther and more complete resolution of mate- 
rials into carbon dioxide and water is best seen by the 
combustion of a candle. By the arrangement before 
you a candle is kept burning in a current of air, the 
moisture produced being collected in a large glass tub- 
ular receiver, If the air be drawn through the appa- 
ratus by anaspirator, the carbon dioxide produced will 
be drawn through a vessel containing lime water, when 
its presence will be indicated by the formation of a de- 
posit of calcium carbonate. 

Referring now to the special properties of the sub- 
stances found in putrefactive changes, it would be im- 
possible in the time at our disposal to take into consid- 
eration each individual body. 1 must, therefore, con- 
tent myself with bringing before you only those sub- 
stances which are most commonly met with, and which 
may be more familiar to you by name. 

AND LEUCO- 


CADAVERIC ALKALOIDS, OR PTOMAINES 


MAINES. 


The group of substances most complicated in theit 
nature which are found in decomposing changes are 


| perhaps those containing nitrogen and phosphorus. 


Of these the cadaveric alkaloids or ptomaines have 
recognized as being produced after death in decompos 
ing human bodies. hey are substances difficult of ex 
amination, and at present considerable doubt exists a8 
to their exact nature and composition. They appear 
to be produced moderately seon after death, but are 
soon again decomposed into more simple substances, 
and are, therefore, difficult of extraction. Observations 
have been made upon them, among which more espe 
cially may be mentioned those of Franceur Seleni, ¥ 
made a considerable study of the methods of extract 
ing these poisonous substances by different solvents, 
and observed their behavior with many common Te 
agents for alkaloids. He also succeeded in separating 


|ptomaines containing arsenic from the decomposiDg 


bodies of people poisoned by compounds of this ele 
ment. It bos beens loowen Ae, “peo ~ sro and Erba that 
poisonous substances resembling ptomaines are Pro 
duced during the putrefaction of maize and other ves® 
tables. ; 

In connection with the decomposition of animal mat 
ter, it is found that the various portions differ very CO® 
siderably in their tendency to decay. The more Com 
plicated structures, such as the blood, muscular t 
ete., undrego putrefaction much more rapidly than ” 
fatty tissue, which latter, through the influence 
ansey seu warouge: paneer 

* Three lectures before the Society of Arts, London, 1887.—770® oe 
Journal of the Society. 
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———— 
becomes converted gradually into mixtures of 
moisture, and margaric acids, resisting for a considera- 
time the process of decay. It is curicus to observe 
that certain parts, although containing large 
also tities of nitrogen, such as the nails, horns, hair, 
east decomposition for a long period of time. 
jatter substances are very closely allied in their 
tion to a well known animal substance, gala- 

which is itself prone to decomposition. 

By the exhaustion of certain portions of meat, such 
as cartilage, tendon, ete, with water, two substances 
formerly confused together are obtained. These are 

tine (Ca: He: Nis0.0) and chondrine (CssHsN.O..). In 

decomposition, and by the action of various acids 
and alkalies, gelatine becomes converted into two 
bases, one glycocine (C.HsNO,) and the other leucine 
(C,HisNO:). The composition of glycocine shows it to 
be the same as or isomeric with a substance perhaps 
known to some of you, nitrous ether (C,HsNO,); while 
jeacine would correspond to the nitrous ether of caproic 
orhexylic alcohol, thus showing a connection with one 
of the series of fatty acids which are also found and 
have been already mentioned among the products of 
patrefactive decom positions. 


AMMONIA AND ETHYLATED AMMONTAS. 


The somewhat simple substances which are pro- 
duced in the putrefaction of nitrogenous substances 
constitute a group of bodies interesting not only from 
their formation in such changes, but also from the cir- 
ecumstance of their relation to the simplest of all ni- 

compounds, namely, ammonia. 
ose of interest to us more especially are termed 
ethylated ammonias, and are formed, as is said, on the 
type of ammonia by the replacement of the various 
atoms of hydrogen contained in that substance, 
thus: 


Ammonia. Ethylamine. Diethylamine. Triethylamine, 
{ C.Hs C.Hs C.Hs 

NiH NH N<C.Hs N< C,H; 
H lH H CoH 


Ammonia itself is well known to most of you, so far 
asits common properties are concerned, but there are 
one or two interesting points connected with its oxida- 
tion into nitrous and nitric acids, which, as they bear 
upon our subject, I should wish to bring them before 


ou. 
Malthough ammonia is constantly passing into the 
atmosphere from the putrefaction of animal and vege- 
table matter containing nitrogen, yet its quantity, un- 
der ordinary conditions, is not large, rarely exceeding 
of a grain per eubic foot. This probably arises 
rom the fact of its solubility in water, which is a very 
marked property of the gas. I have here before me a 
globular flask filled with ammonia gas, with its neck 
dipping in a cup of mercury placed in a larger vessel 
with water tinged with red litmus. On raising 
the flask out of the mercury, which is acting as a valve, 
you at once perceive the rise of the liquid in the flask, 
the absorption taking <oag- with extreme rapidity 
when the solution reaches the globular part of the 
flask. The red litmus solution, as you see, becomes at 
once changed to blue, showing the alkaline nature of 
the solution produced. This solution of the gas in 
water constitutes, as many of vou know, the “liquor 
ammoniz ” of trade, one voluine of water being capa- 
ble of absorbing 700 volumes of the gas at ordinary 
temperature and pressure, becoming one and a half 
volumes after absorption. 

Another property of ammonia of interest to us is the 
combustion of the gas in air or oxygen, and its indirect 
oxidation by other means. It is a feebly combustible 
gas, burning at the mouth of the bottle which I am 
now holding, only when the taper is held actually at 
the mouth of the vessel. A more convenient method 
for carrying out its full combustion is to supply the jet 
of ammonia with a current of oxygen gas, when you 

ive the gas burns with a peculiar greenish yellow 

2, which at once becomes extinguished on cutting 
off the current of oxygen. In this combustion proba- 
bly the ammonia becomes entirely decomposed, water 
and nitrogen gas being the only products. 

If, however, a few drops of the strongest liquor am- 
moni# be placed in the bottom of a wide mouthed 

k, and a current of air from an ozonizing apparatus 
be carried through the flask, white fumes of a solid 
substance—ammonium nitrite—make their appearance. 
The same change may be brought about by placing in 
the flask of air and ammonia a red hot coil of platinum 
Wire, such as you see in the flask on the table. Thick 

ds of ammonium nitrite, and sometimes red vapors 
of nitrous anhydride, (N2Os) are formed. 


2N H;+0;=NH,NO,+H.0. 


Certain materiais in a finely divided condition, or 
when coating or covering other substances, have a pe- 
culiar influence in promoting such changes, and I can 
show you, experimentally, the conversion of ammonia 
lato nitrous and nitric acids by means of one such ma- 
terial, namely, asbestos coated with finely divided pla- 
tinam. The platinized asbestos is placed in a long 

glass tube, which has a piece of red and blue lit- 
mus paper at either end. On passing a slow current of 
air from a gasometer through a bottle containing some 
tind, dilate ammonia solution, and then over the pla- 
ized asbestos heated by a burner, the ammonia be- 
comes converted into the nitrogen acids. If the air is 
= over the asbestos from the end of the tube con- 
oo the red litmus paper, this will become blue 
poy © unchanged ammonia, while the blue litmus 
peed — end will become red from the nitrous acid 
ate change of ammonia into nitrous and nitrie acid 
odnvored by the presence of strong bases, and has re- 
the name of “nitrification.” It plays a most 
_—ent part in the formation of the large beds of 
oa Pee are found in warm countries, such as Chili 
ru, and appears to be facilitated, if not entirely 
dependent on the development of a germ producing a 
fermentation like the yeast cell. Its action has been 
mamined by Mr. Robert Warington with some very 
toil, in results. The ferment is abundant in the 
in ee and in contaminated water, and is pe- 
Q its action. In cold dilute solations of am- 
= Salts, or in the dark, apparently only nitrates 
Ritrites ne. but in sunlight, and with strong solutions, 
Mesilla AP atte period, wh 
nd, at a later period, when dealing with 
the properties of charcoal as an absorbent for noxious 





gases, that the charcoal employed in the sewer ventila- 
tors is highly charged with nitrates, probably produced 
in the pores of the charcoal by a process of slow oxida- 
tion analogous to that of the platinized asbestos just 
described. 

With regard to the ammonia bases formed by the 
replacement of one or more atoms of hydrogen in am- 
monia by an alcoholic radical, the following table gives 
the source from which the different members are de- 
rived, with the names and formula of the compounds : 


{ Ethylamine ... NH,.C.H, 
Putrefying flour.. ; Amylamine.....NH:s.CsH:, 
1 Trimethylamine N .(CHs)s 


Herring roe 


Diet 
putrid urine.. j Trimethylamine. . . 


Methylamine....NH:.CHs 
Ethylamine......NH..CsHs 
; i + ae eng ... NH,.C;H,; 
Butylamine......NH2.C,H» 
Amylamine. ....NH: C.Hi 


Destructive distil- 
lation of bones. 


Ammonia, as well as these more complicated am- 
monia bases, is characterized by an extremely delicate 
reaction with Nessler’s reagent, which consists of a 
strongly alkaline solution of the double iodide of mer- 
cury and potassium. The smallest traces of either am- 
monia or of the bases give with this test a distinct 
brown or dark yellow coloration. 


PHOSPHINE OR PHOSPHURETED HYDROGEN (PHs). 


This substance is.produced in the decay of material 
rich in phosphorus, and, like trimethylamine, appa- 
rently exists in putrid fish. It is a gas which possesses 
the curious property of spontaneously catching fire 
when brought in contact with air, and its production 
in decaying tish may probably account for the phos- 

horescent appearance which the material is said to 
aave. Its spontaneous inflammability is easily shown 
to you on preparing a small quantity of the gas in this 
retort, by,boiling together phosphorus and caustic soda. 
You will perceive as the temperature, rises bubbles of 
gas come off which burst inside the retort. In conse- 
quence of this I keep the mouth of the retort above 
water till it becomes perfectly filled with the gas and a 
flaine is burning quietly at the mouth. On depressing 
the mouth of the retort under the water in the trough, 
you see that each bubble as it comes to the surface 

ursts with a slight explosion, forming beautiful rings 
of sineke consisting of phosphorus pentoxide. When 
allowed to stand at a low temperature, a liquid phos- 
phide of hydrogen is produced, and if this latter be ex- 
posed to light, a solid phosphide has been removed from 
the gaseous phosphine. It then loses its property of 
spontaneous inflammability. 

Much interest attaches to phosphine, as it may be 
considered as the chemical analogue of ammonia, and 
a body in which the hydrogen may be replaced by cer- 
tain compound bodies, just as we had in the case of 
aimonia forming very strong organic bases. There is 
considerable probability that these phosphorus com- 
pounds are produced along with phosphine in the de- 
cay of material containing phosphorus. 

The following formule show the analogy between 
ammonia and phosphine, and the bases referred to: 


H H 
Ammonia N.. Phosphine......... PH 


(CH CH 
Triethylamine } (11) ‘Triethylphosphine P| CsHs 
(cH CH 


OTHER HYDROGEN COMPOUNDS PRODUCED IN 
PUTREFACTIVE CHANGES. 


In such a group may be arranged such of the products 
as elementary hydrogen hydrie sulphide (H,8), and 
some of the hydrogen compounds of carbon, more 
notably marsh gas (CH,) and olefiant gas, or ethylene 
(C,H,). Although ammonia and pbosphine wight also 
have been placed in this group, I have preferred to 
separate them from it, on account of their relations to 
the more complicated substances, as the compound am- 
monias and the organic alkaloids. 

The majority of the decomposing changes taking 
place on material containing much hydrogen associated 
with other bodies is produced by what may be termed 
the hydrolysis of the substance. Such changes may be 
illustrated to you more markedly when the hydrogen 
is in what is called the nascent condition, this name be- 
ing applied to the condition of an elementary gas just 
at the time of its liberation from astate of combination, 
at which moment it exhibits much greater chemical 
activity. 

All of you, I think, must be aware of the inflam- 
mable nature of hydrogen and of its gaseous carbon 
compounds, but I can show you, in an experiment 
which I have on the table, not only its inflammabil- 
ity, but also its power of uniting with other sub- 
stances at the moment of, or during the process of, 
its liberation from the substance with which it was 
originally combined. I evolve here in the usual manner 
some hydrogen gas, by pouring dilute hydrochloric 
acid on metallic zinc, and when the generating flask is 
filled with gas, I light the hydrogen. You see that it 
burns at the jet with the characteristic, almost colorless 
flame. If now I drop through the thistle fannel at- 
tached to the apparatus a single match head, you per- 
ceive that, after a few seconds, the flame becomes tipped 
with a faint greenish yellow color, showing the evolu- 
tion of small quantities of phosphine, the substance we 
have already discussed. The nascent hydrogen here 
combines with the phosphorus. From this experiment 
it is easy to understand how readily such hydrogen 
enema may be formed in processes of decomposi- 
tion. 

The chief action of hydrogen in these changes is 
one of reduction, and this reducing action is well seen 
by bringing nascent hydrogen in contact with a com- 
pound of tungsten. In this vessel we have a solution 
of sodium tungstate. If now we add to this some zinc 
and sulphuric acid, so that hydrogen may be evolved, 
we find a beautiful blue color developed in the fluid. 
This color is due to the formation from the tungStic 
acid of a blue oxide (WO:.. WOs). 

The most important hydrogen compound which comes 


under our notice is — sulphide or sulphureted hy- 
drogen gas (H,8), a 


istinctly poisonous gas produced 





in the putrefaction of eggs by the decomposition of the 
albumen inthe yolk, which substance has already been 
pointed out as containing a considerable quantity of 
sulphur. Hydrie sulphide exists as a gas, with a most 
disagreeable smell. and is found in considerable quan- 
tities in the gas issuing from thesewers. The detection 
and destruction of this gas is therefore a inatter of creat 
importance, and we shall later on in the course have to 
speak of the power exercised by charcoal in decompos- 
ing the gas. Its detection is readily effected by the 
black sulphide it gives with lead or silver salts, and the 
ysual method for recognizing it is to bring paper moist- 
ened with silver nitrate or lead acetate in contact with 
the suspected gas, when it at once becomes blackened, 
as you now see in the test before you. A more delicate 
reaction for sulphur compounds in an alkaline condi- 
tion is to be found in a beautiful purple color which 
they give with sodium nitroprusside. ‘To this large jar 
of water I add a small quantity of the nitroprusside 
solution, and then a drop or two of the ammonium sul- 
phide, when vou perceive at once the beautiful color 
which is produced. It is stated that the quantity of 
sulphur present ina single hair may be detected by this 
test. 

The gas is soluble in water, and combustible, under- 
going decomposition in its combustion into water and 
sulphurous acid gas : 


H 2S-+4 5 a H 20+8¢ do. 


Small quantities of sulphuric acid are also produced. 
This change is almost the same as takes place in its de- 
composition in the pores of the charcoal employed in 
the air filters. 

Hydrie sulphide is a highly poisonous gas in the case 
of warm blooded animals; cold blooded ones appear 
to be unaffected by it. The gas causes fainting when 
inhaled in quantity, and produces great depression of 
the vital energy ea breathed for any length of time, 
even when in a largely diluted condition. The poison- 
ous action of the gas is apparently related to the rapid- 
ity of the circulation of the blood, 

The gaseous compounds of hydrogen and carbon form 
a most important class of substances produced in de 
cay. The simplest member in the group, marsh gas 
(CH), is found associated with carbon dioxide in the 
bubbles of gas which are obtained on disturbing the 
sediment at the bottom of stagnant pools. It is there 
formed by the decomposition of vegetable matter fall- 
ingintothe pool. And as marsh gas and carbon dioxide 
are given off in the gradual transformation of vegeta- 
ble matter into coal, we are not surprised to find large 
quantities of the former gas issuing from fissures in 
coal pits when the seams are newly opened. 

Like hydrogen itself, the gaseous hydrocarbons are 
combustible, burning with a more or less luminous 
flame according to the relative amount of carbon which 
each contains. We have in these two jars marsh gas 
(CH,) and olefiant gas (C,H,), and on igniting each, 
ne see that the flame of the olefiant gas is considera- 

ly more brilliant than that of the marsh gas, as it con- 
tains the proper amount of carbon to render the flame 
luminous. he warsh gas, on the other hand, contains 
too little carbon in proportion to the hydrogen to yield 
a satisfactory luminous flame. 

The second hydrocarbon I mentioned, olefiant gas, 
or ethylene (C,H,), derives its name from its property 
of uniting directly with the elements chlorine and bro- 
mine, forming with the first of these a compound, 
Dutch liquid, or ethylene dichloride (C,.H,Cl:). The 
formation of this can easily be shown by mixing togeth- 
er inacylinder over water equal volumes of ethylene 
and chlorine, when you see that the two gases gradual- 
ly unite, thick oily drops of a liquid forming on the 
sides of the vessel. These, gradually collecting togeth- 
er, run down the sides of the vessel, forming a layer on 
the top of the water as it rises in the cylinder. 

This combination of ethylene with chlorine or bro- 
mine is made use of in the determination of the illumin- 
ating agents in ordinary coal] gas. For this purpose, a 
bent graduated tube, the shorter end of which is open- 
ed, is filled with the gas to be examined. A drop or 
two of bromine is then poured into the open limb, and 
the tube well shaken. Absorption having taken place, 
the contraction in volume is noted, this contraction 
corresponding to the amount of illuminating gases. 
For exactness in the operation daylight must be ex- 
cluded, so as to prevent the union of the free hydrogen 
in the coal gas with the bromine. 

When ethylene is mixed with twice its volume of 
chlorine, and a light applied, we have a different result, 
attended with the total decomposition of the ethylene 
and the formation of hydrochloric acid and free carbon. 
I have in this tall jar such a mixture, and on the appli- 
cation of a light you perceive a red flame passing down 
the cylinder with a peculiar booming sound during the 
combustion. The change taking place may be express- 


ed thus: 
C:H,+Cl,=4HCl+Cs. 


We come now to the last group of substances to which 
I think it necessary to draw your attention, namely, 
the compounds of carbon with oxygen. 


CARBON DIOXIDE (CO,) AND CARBONIC OXIDE (CO). 


I have already made allusion to the first of these as 
one of the commonest of the final products of putrefac- 
tive. decomposition, and in wy first lecture I demon- 
strated to you its formation in considerable quantities 
in the fermentation of sugar by yeast. The other great 
sources of the gas are the processes of respiration in 
animals and the combustion of carbonaceous matter 
in which the oxygen of the air becomes converted into 
carbon dioxide. In the former of these changes we 
have the well known difference between plants and 
animals; as during sunlight the plants absorb the 
carbon dioxide evolved by the animals, decomposing 
it, and returning the free oxygen gas to the atmosphere. 
When the plant dies, however, the carbon stored in its 
tissues is again returned to the air in the form of CO, 
during the decay of the plant. 

Carbon dioxide is always, therefore, formed in ordin- 
ary air, to a greater or less extent, sometimes, as in 
close places, reaching a very high percentage. The 
normal quantity generally found in good airis about 
4 volumes of CO, in 10,000 volumes of air. It is also 
found in the free condition in the mineral kingdom ; 
both in the gaseous state in mineral springs, and in the 
liquid condition in small cavities in rocks and minerals. 
The effervescing springs of Nauheim are said to exhale 
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1,000,000 Ib. of gas annually. The gas s two 
very important properties, namely, its great weight 
compared to air and the powerit has of preventing 
respiration. ‘The great weight of the gas causes it to 
hang about the lower parts of caves, when exuding 
from fissures in the roeks, and the case of the celebrated | 
** grotto del cane ™ in Italy must be well known to many 
of you ; where the gas, lying as it does along the bot- | 
tom of the cavern, allows a nan to walk in the grotto 
with comparative safety, but at once destroys the re- 
spiration of a dog. 

The great weight of CO, gas is best seen by pouring 
a jet of it over a lighted candle from some distance. 
You perceive that the moment I do so, the flame of the 
candle is at once quenched by a downward invisible | 
stream from the jar. I can also show you its weight by | 
drawing quantities of the gas by this small bucket 
from the bottom of this long jar, which corresponds to 
adeep well. You perceive that the taper which origin- | 
ally burned clearly in the bucket is now extinguished 
as soon as it is filled with the gas from the well. 

Besides the sources already mentioned, carbon diox- 
ide gas is found in a state of combination in several 
natural products. Thus egg shells contain about 97 per 
cent, of calcium carbonate ; oyster shells, 98 per cent. ; 
and pearls about two-thirds of their weight of that 
substance. From such bodies the CO, may be derived 
by'treatment'with a strong acid, as you see in the jars 
before you. On adding hydrochloric acid to the shells, 
a strong effervescence takes place, due to the evolution 
of the carbon dioxide. 

From the presence of this gas in close rooms and un- 
sanitary placesit becomes an important matter that we 
should have ready means for its detection. A common 
method is the lowering of a candle into deep places, such 
as wells, where large quantities of the gas sometimes col- 
lect, but this method ean be but rarely useful. More 
aecurate methods are to be found in the process of ab- 
sorption of the gas by caustic potash or baryta, with 
both of which it readily combines. We have here a! 
graduated tube, termed a Crums tube, and having a 
stnall reservoir at the top separated from the main por 
tion of the tube by a stop cock. In this I place some 
strong caustic potash, and then gently opening the 
stop cock, allow a small quantity to run down the sides 
of the tube. This combining with the CO, in the air 
causes contraction in the lower part of the tube, the 
amount of contraction corresponding to the amount of | 
CO, gas in the air. | 

The second oxide, carbonic oxide (CO), is not of so 
much importance as the carbon dioxide, and is not of | 
so common occurrence in the processes of decay. It is, 
however, of sufficient importance to warrant our ex-/| 
amining its properties very shortly. 

The most natural process by which any quantity 
of the gas may be obtained is by the reduction of the 
higher oxide, CO.. This can be done most conveni- | 
ently at a red heat by coke, but also may be effected by | 
certain metals, as iron and zine. If an iron tube be| 
filled with lumps of chareoal and raised to the proper 
temperature, on passing a current of CO, gas through 
the tube it undergoes reduction, and carbonic oxide is 
formed-— 


| 


| 





co, + C ACO). 

An analogous change is seen in the combustion of an 
ordinary fire. When the whole mass of coal has 
reached a bright red heat, the CO, first produced under- 
roes reduction as it passes up through the mass, and 
the monoxide finally burns with a peculiar blue flame 
on the top of the fire, being converted again into car- 
bon dioxide. Carbon monoxide is an extremely poi- 
sonous gas, one volume of it in 160 volumes of air unfit 
ting it to sustain life. 

Closely related to carbon dioxide in its chemical 
composition, we have the substance carbon disulphide 
(CS,), which is produced in small quantities in the 
destructive distillation of coal, and which may also 
arise, though unfrequently, in the putrefaction of sub- 
stances rich in sulphur and carbon. 

It is produced by the direct union of sulphur vapor 
with carbon at a high temperature. It is an extremely 
volatile liquid, boiling at 118°5° Fahr., and exceedingly 
inflammable. You will see this on my pouring a few 
drops of the liquid into this wide beaker, and then 

varming this glass rod in the flame of a Bunsen burner; 
on placing the warm rod in the beaker the vapor of the 
CS, at onee catches fire, burning with a bright blue 
flame, and depositing sulphur on the sides of the vessel. 
When the supply of air is large, full decomposition of 
the disulphide takes place 


C8, + O. = CO, + 2 SOs. 

Thin iron wire will burn brilliantly in the vapor of 
earbon disulphide, converting the iron into sulphide. 
The vapor of this substance acts very injuriously on | 
health, producing poisonous symptoms closely resem- 
bling hydrie sulphide 

Time will not permit me to place before you the pro- 
perties of the elementary gases which are sometimes 
found among the products of decomposition. 1 have 
therefore confined myself in my lecture this evening to 
those substances which may be regarded as the more 
important of such products. 

Next evening we will take into consideration general 
questions relating to the chemistry of disinfectants, 
and then proceed to the description of some of the 
more important chemical substances which are applied 
to the purpose of disinfection. 





COLORS IN WINES OR FRUIT 

JuicEs.—C. 0. Curtman, Zeitschr. f. Anal. Chemie, H. 

4.—Aniline colors are often used to color diluted winesor | 
artificial fruit juices,jams,ete. The author uses for their 
detection Hofimann’s well-known isonitril test. 4c¢. ¢. of 
wine were colored with fuchsin, and then mixed with 
4c. c. of potash lye and 2 drops of chloroform. After 
tirst gently warming fora minute and subsequent boil- 
ing, the characteristic smell of isonitril was plainly per- 
ceptible. The sulpho compound of rosanilin gave the re- | 
action only after some time. The test may be rendered | 
more delicate on finally adding some sulphuric acid. 

The small quantities of compound ethers present in 

the wine do not interfere with the delicacy of the test. | 
The test was also successful with aniline blue, aniline | 
purple, aniline violet, magenta, and ponceau red, and | 
many yellow and green anilines.—L. De K., 
alyst. 


TEST FOR ANILINE 


~ 


| soon as it is approached, it immediately assumes the bel- 
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A CURIOUS CATERPILLAR. 


THE accompanying engraving of a curious caterpil- 
lar from Assam, India, which we take from La Science 
Illustre, serves as an example to explain how the larval 
state of lepidopterous insects has, in several languages, 
come to receive a general name derived from that of 
higher animals. Thus, in old French, the name is 


chattepeleuse, ** hairy-she-cat,” whence our word cater- | 


pillar (old Eng. catyrpe?l). I» modern French, the 
name is chenille, from Latin canicenulus, “little dog,” 
from a fancied likeness of the head of some species or 
other to that of a dog. In Milanese, the name is cag- 
non, ‘little dog ;” in other parts of Italy it is gattola, 
“little eat”; in Portuguese it is Jagarta, “lizard ;” 
and in Kent, England, it is hop-dog and hop-cat. The 
specimen illustrated bears some resemblance to the 
Chinese representation of that mythical reptile, the 
dragon, minus wings. 

This caterpillar, when undisturbed, looks like an or- 


dinary lepidopterous larva, as shown in Fig. 1; but as 


licose attitude shown in front view and profile in the 
two upper figures. Fig. 2 gives a plan of the head 
while extended in this action. The skin of the animal 
is of a grayish-brown color, with greenish-yellow spots. 
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OnE of the resources of Great Britain. which | 
hances her wealth, are her diamond fields. Sta + 
show that four of her South African mines hays, 
| duced during the last few years six and a half te 
| these precious stones. They were valued at 
| 000,000. The other pene diamond field of the 
India, is also a British possession. 
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uses.— With illustrations of the different implements.—5 illustra | 
tions ° weees eens name 

Wool Bleaching with flydrogen Peroxide.— Details of the apple 
cation of this new process............. ; cecceeeee on eeeeee 


ae. 


In connection with the Scientific Am 
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have the largest establishment in the 
Patents are obtained on the best terms. 
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can of all inventions patented through this 
with the name and residence of the Patentee. 
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directed to the merits of the new patent, and § 
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Laws, Patents, Caveats, Trade Marks, their ¢¢ 
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